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PREFACE. 


At  every  hand,  and  at  all  times,  whenever 
we  take  the  trouble  to  exercise  our  powers  of 
observation,  evidence  is  presented  of  the  absenpe 
of  a  knowledge  of  what  might  be  termed  *' first 
principles ' '  of  mechanical  cause  and  effect. 
.  The  extreme  theorist,  whose  speculations  are 
built  almost  entirely  on  the  published  opinions  of 
those  he  calls  /*  Authorities,"  does  not  take 
much  trouble  to  assure  himself  as  to  the  simi- 
larity of  conditions  existing  in  his  own  case  and 
that  of  said,  authorities. 

By  way  of  side  issue,  perhaps  it  may  be  perti- 
nent to  remark  that  the  variation  of  conditions 
under  which  any  certain  operation  is  performed, 
constitutes,  in  some  c^ses,  the  slight  mist  that 
half  obscures  and  magnifies,  and  in  others  the 
dense  fog  that  leaves  us  totally  uninformed  as  to 
our  whereabouts. 

Theory,  which  bears  a  somewhat  similar  rela- 
tion to  practice  that  steam  does  to  water,  is 
simply  the  law  of  fact^  and  must  always  be 
deduced  from  fact;  if  now  we  obtain  a  cor- 
rect comprehension  of  the  fact,  and  in  a  majority 
of  cases  we  do  not  at  the  first  obtain  it,  a  course 
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of  reasoning  may  be  followed,  and  a  theory  estab- 
lished, that  will  very  materially  aid  us  when  we 
again  observe  a  similar  effect 

But  when  it  is  realized  how  often  the  reason- 
ing faculties,  unless  subjected'  to  a  long  and 
careful  training,  misconstrue  the  evidence  which 
the  senses  receive  and  triansmit,  it  is  not  a  nriat- 
ter  of  wonder  that  so  many  wrong  conclusions, 
based  upon  false  premises,  are  continually  being 
encountered. 

At  the  risk  of  being  charged  with  lecturing  on 
** Intellectual  Philosophy,"  the  writer  will  re- 
mark that  the  senses  of  seeing,  feeling,  hear- 
ing, etc.,  are  the  instruments  by  which  evidence 
is  presented  to  the  reasoning  power,  and  if  a 
wrong  conclusion  is  drawn  from  the  evidence, 
the  fault  lies  with  the  reason,  and  not  with  the 
senses. 

The  ability  of  the  reason  to  weigh  each  parti- 
cle of  evidence,  and  allot  to  each  its  correct  value, 
is  the  gauge  of  precision  by  which  minds  must  be 
compared. 

This  power  of  **  exact  valuation  "  can  only  be 
acquired  by  experience,  however  well  cultivated 
the  mind  may  be. 

Amid  the  sound  of  moving  machinery,  the 
trained  intellect  will  receive  instant  notice,  by 
means  of  the  sense  of  hearing,  of  any  unusual 
noise,  and  judge  of  its  whereabouts  and  cause 
with  remarkable  quickness  and  precision;  but  we 
will  resume  our  subject. 
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At  the  other  extreme  of  the  line  is  the  self- 
styled  **  practical  man,"  who  is  so  ignorant  that 
he  is  unaware  of  his  own  short-comings,  and 
who,  after  a  certain  age,  becomes  thoroughly 
case-hardened  in  his  *' views." 

He,  of  course,  has  abilities  in  his  own  peculiar 
line,  but  arrives  at  most  of  his  conclusions  by 
the  art  of  ** guessing." 

If  he  builds  a  machine  he  puts  in  suflScient 
metal  to  make  two,  making  safe  against  break- 
down to  be  sure,  but  never  entertaining  the 
slightest  suspicion  of  proportion;  or  he  may 
make  some  parts  so  weak  that  it  is  necessary  to 
'* brace  up"  the  contrivance  with  numerous 
sticks  of  timber,  to  keep  it  together  when  the 
belts  are  on. 

Debating  with  the  ** practical  man"  is  dis- 
couraging; his  conclusions  are  all  formed,  and 
no  possible  discovery  can  modify  them  one  whit; 
his  mind  is  too  inelastic  to  grasp  new  ideas;  he 
meets  reasoning  with  stubbornness,  and  however 
convincing  an  argument  may  be  to  a  man  who 
uses  his  wits,  with  the  ** practical  man,"  whatever 
disagrees  with  his  *  *  creed, "  must  be  wrong  some- 
where. To  sum  up  his  weakness  in  few  words, 
he  is  densely  i^wqiqmX.  oi  first  principles. 

Between  these  two  extremes  of  character  is 
the  man  who  "never  grows  too  old  or  too  wise 
to  learn;"  he  sifts  the  information  which  is 
constantly   coming  to  his  senses,   holds  fast  to 
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that  which  is  new  or  valuable,  and  promptly 
rejects  that  which  is  of  no  account. 

He  is,  of  course,  his  own  judge  of  quality  iu 
the  operation,  but  experience  and  observation 
are  his  trusty  allies. 

He  studies  the  laws  of  nature,  and  settles  in 
his  mind  as  far  as  he  can,  the  **  first  principles  " 
of  cause  and  effect  with  which  his  vocation  brings 
him  in  contact,  and  when  a  difficult  problem 
confronts  him,  he  bases  his  efforts  firmly  on 
foundations  that  have  been  well  tried  and  not 
found  wanting;  this  mode  of  procedure  is  direct 
and  to  the  point,  and  success  follows  as  a  matter 
of  course.  This  book  is  intended  for  such  men. 
A  knowledge  of  the  laws  of  ordinary  natural 
forces  and  effects  should  form  a  part  of  the  stock 
in  trade  of  every  mechanic;  but  a  deplorable  ab- 
sence of  such  knowledge  is  constantly  making 
itself  manifest,  and  if  these  pages  shall  assist  any 
seeker  after  '*more  light"  to  attain  that  end, 
the  object  of  the  writer  will  be  fully  accom- 
plished. 

In  conclusion  the  writer  begs  to  return  his 
thanks  to  his  friends,  Wm.  H.  Hoffman;  T.  M. 
Goodeve;  Chas.  A.  Hague;  **Chordal;"  and  also 
to  '*The  American  Machinist,''  and  **The  En- 
gineer'' (of  New  York),  for  many  favors. 

Baltimore^  Md.y  May  i6^  1888. 
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As  this  book  may  fall  into  the  hands  of  some 
student  who  may  not  be  ** posted"  in  the  First 
Principles  of  Mechanics,  upon  which  so  much 
depends  for  success  in  any  branch  of  engineering, 
the  following  will  be  found  a  most  useful  and 
entertaining  study,  before  he  essays  to  grapple 
with  what  follows.  It  is  intended  especially  for 
those  who  find,  somewhat  late  in  life,  that  they 
have  neglected  something.  A  vocation  in  life 
may  be  chosen,  and  in  a  few  years  one  may  find 
that  he  could  be  remarkably  successful  in  that 
occupation,  were  it  not  for  his  ignorance  of  the 
laws  which  he  finds  himself  compelled  to  yield 
to.  Few,  under  such  circumstances,  can  enter 
on  a  systematic  course  of  study,  and  it  is  thought 
that  the  volume  here  presented  may  furnish  some 
useful  information,  without  the  eflfort  of  dutiful 
research  and  study.  Among  apprentices  in  the 
shop  the  author  has  noticed  a  large  percentage 
hungry  for  knowledge  of  the  matters  here  treated. 
These  boys,  in  many  cases,  are  without  common 
education,  and  their  future  success  may  depend 
on  their  ability  to  reason  truth  out  of  the  vague 
fallacies  of  shop  philosophy.     The  average  text- 
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book  on  physics  seems  to  have  been  prepa^pd 
especially  as  an  accompaniment  to  other  branches 
of  study,  and,  in  many  cases,  such  text-books 
seem  to  have  been  prepared  simply  as  a  means 
for  defining  to  an  educated  instructor  a  course 
of  personal  explanations  to  the  students.  The 
ambitious  young  man,  thirsty  for  knowledge, 
gets  little  benefit  from  these  books,  which  bear 
constant  evidence  of  having  been  prepared  for 
another  class  of  persons. 

It  is  hoped  that  the  apprentice  in  the  shop  will 
find  something  interesting  in  these  pages,  and 
thus  see  that  science  is,  after  all,  a  something 
which  he  deals  with  every  day,  instead  of  the 
far-off  dreamy  nothing  he  is  wont  to  think  it. 

GENERAL  PROPERTIES  OF  MATTER. 

Matter  is  the  term  applied  to  everything 
which  has  size,  substance,  or  weight  All  matter 
is  composed  of  very  small  particles  held  closely 
together.  These  small  particles  are  called  mole- 
cules^ and  the  attractive  force  which  holds  them 
together  is  called  cohesion.  The  molecules  are 
composed  of  still  smaller  particles  which  are 
called  atoms. 

We  can  take  almost  any  substance  and  break 
it  up  by  some  means  and  reduce  the  mass  to  fine 
powder.  However  fine  this  powder  may  be,  we 
may  still  continue  to  break  up  each  little  particle 
into  still  smaller  pieces.     There  seems  to  be  no 
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limit  to  the  divisibility  of  matter,  but  science 
tells  us  that  there  is  a  stopping  point  somewhere; 
that  there  is  a  point  in  the  division  of  matter 
where  the  particle  is  no  longer  composed  of  sep- 
arate particles,  and  cannot  therefore  be  further 
divided  or  separated.  The  term  atom  applies  to 
these  last  indivisible  particles  of  matter.  Their 
size  is  inconceivably  small,  and  their  real  separa- 
tion may  be  considered  a  practical  impossibility. 

The  division  of  matter  is  an  every-day  pro- 
cess in  the  arts.  The  mechanical  process  of 
dividing  matter  is  illustrated  in  all  kinds  of  pow- 
dering and  grinding.  A  grain  of  wheat  is  a  sin- 
gle piece  of  matter,  but  the  act  of  grindincf 
breaks  the  grain  into  two  pieces,  then  breaks 
these  pieces,  and  thus  by  successive  stages  di- 
vides each  piece  again  and  again  until  the  single 
grain  of  w:heat  is  reduced  to  a  fine  powder  com- 
posed of  countless  thousands  of  pieces,  which 
may  even  be  further  divided  into  still  smaller 
pieces.  Science  tells  us  that  each  of  these  min- 
ute pieces  is  composed  of  countless  atoms,  and 
that  when  the  division  has  reduced  the  mass  to 
atoms  no  further  division  can  take  place. 

We  can  now  understand  that  there  is  no  such 
thing  as  breaking  matter.  Instead  of  being 
broken,  the  separate  particles  are  simply  sepa- 
rated. What  we  say  of  the  grain  of  wheat  we 
may  say  of  all  masses  of  matter. 

Another  method  of  dividing  masses  of  matter 
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is  by  solution.  If  a  piece  of  indigo,  the  size  of 
a  pin  head,  be  put  into  a  gallon  of  water,  the  in- 
digo will  break  up  into  such  very  fine  particles 
that  each  little  drop  of  water  in  the  gallon  will 
be  found  to  contain  one  or  more  of  them,  and 
each  drop  will  receive  a  blue  tinge.  There  are 
half  a  million  drops  of  water  in  a  gallon,  and  we 
thus  see  that  our  trifling  piece  of  indigo  has  been 
divided  into  at  least  that  many  pieces.  As  fine 
as  this  division  is,  the  particles  are  still  visible 
to  the  naked  eye,  which  accounts  for  the  blue 
tinge  of  the  water.  If  we  pour  this  gallon  of 
blue  water  into  ninety  gallons  more,  we  have 
fifty  million  drops  of  water  each  containing  one 
or  more  particles  of  the  indigo.  The  blue  tinge 
will  then  be  too  delicate  to  observe,  but  the  sub- 
division of  the  indigo  into  smaller  pieces  can  be 
carried  very  much  farther  still. 

Evaporation  is  still  another  method  of  divid- 
ing matter.  A  minute  quantity  of  musk,  or 
other  similar  perfume,  will  separate  into  particles 
so  small  and  numerous  that  every  cubic  inch  of 
air  in  a  large  room  will  be  perfumed  by  it. 
The  air  in  the  room  may  be  replaced  by  fresh  air 
continually,  but  this  one  little  mass  of  musk 
will  throw  ofif  particles  enough  to  perfume  this 
changing  air  for  years.  The  number  of  particles 
into  which  the  musk  has  thus  been  divided  is 
past  all  conceiving. 

All  "Substances  are  composed   of  atoms,   but 
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these  atoms  do  not  touch  each  other.  Around 
and  among  the  atoms  there  lies  a  delicate,  subtile 
fluid  called  ether.  The  space  occupied  by  this 
ether  is  very  much  greater  than  the  space  occu- 
pied by  the  atoms.  The  spaces  between  atoms 
aire  called  pores^  and  all  substances  are  more  or 
less  porous.  In  some  substances  there  are  large 
visible  pores,  large  enough  to  admit  common 
air,  which  is  itself,  like  all  other  matter,  made 
up  of  atoms  separated  by  ether.  We  can  see  no 
pores  in  close-grained  iron  or  close-grained 
wood,  or  lead,  or  mercury,  or  in  some  hard  clay 
ware,  but  in  cork  and  sponge,  and  some  kinds 
of  wood  and  some  very  open  kinds  of  iron,  the 
pores  are  large  and  visible.  If  a  cylinder  be 
cast  of  great  strength,  of  the  closest  iron,  and  a 
piston  be  fitted  tightly  to  it,,  and  water  be  put 
into  the  cylinder,  and  an  immense  pressure  ap- 
plied to  the  piston,  water  will  find  its  way 
through  the  pores  of  the  metal  and  will  ooze  in 
fine  sweat  from  the  outside.  There  are  some 
substances  which  it  seems  hard  to  believe  to  be 
porous,  such  as  glass,  for  instance,  but  science 
has  determined  that  the  pores  form  the  bulk  of 
all  substances.  In  many  substances  the  pres- 
ence of  pores  and  their  great  volume  can  be  eas- 
ily shown.  A  brick  will  hold  a  large  amount 
of  water  and  be  no  larger;  the  water  simply 
enters  the  large  pores.  If  a  brick  be  powdered 
up  very  fine  so  that  its  particles  can  be  packed 
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very  close  together,  it  will  be  found  that  there  is 
very  little  of  it ;  and  it  will  also  be  found  that 
the  water  which  a  brick  will  hold  has  a  great 
deal  more  bulk  than  this  closely  packed  brick. 
A  sponge  is  another  illustration.  Liquids  have 
pores  like  all  other  substances.  Liquids  are 
made  up  of  little  atoms  and  larger  pores,  and 
the  atoms  and  pores  in  different  liquids  are  of 
different  sizes.  In  some  liquids  the  pores  are 
large  enough  to  admit  the  atoms  of  other  liquids. 
In  this  case  it  will  be  seen  that  a  liquid  may 
actually  hold  more  liquid  without  increasing  in 
bulk.  It  would  be  in  some  degree  like  pouring 
water  into  sand.  A  gallon  of  water  and  a  gallon 
of  sand  mixed  will  not  make  anything  like  two 
gallons  of  the  mixture. 

In  the  same  way,  strange  as  it  might  seem 
before  the  matter  was  somewhat  understood,  a 
gallon  of  water  and  a  gallon  of  alcohol  mixed 
will  not  make  two  gallons  of  mixture. 

The  small  particles,  of  which  all  matter  is 
composed,  are  drawn  toward  each  other  by  some 
inner  natural  force,  which  we  call  cohesion.  In 
some  substances  this  cohesion  is  so  small  that 
we  may  easily  pull  the  particles  apart.  In  some 
others  the  cohesion  is  so  great  that  enormous 
power  is  required  to  overcome  it. 

The  particles  composing  a  piece  of  clay  may 
be  pulled  apart  very  easily ;  but  two  strong  men 
pulling  on  an  iron  wire,  a  sixteenth  of  an  inch 
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in  diameter,  cannot  overcome  the  cohesion  of 
the  particles  and  break  the  wire.  It  will  thus 
be  seen  that  the  strength  of  any  material  depends 
on  the  cohesive  attraction  between  the  particles. 
The  cohesion  and  consequent  strength  of  some 
materials  may  be  altered  by  working  in  various, 
ways.  An  ordinary  piece  of  bar  iron  may  have 
a  certain  strength,  but  the  operation  of  working 
the  iron  and  drawing  it  into  wire  will  sometimes 
increase  its  strength  five-fold.  The  various 
operations  probably  crowd  the  particles  closer 
together,  and  thus  allow  the  cohesive  force  to 
act  at  shorter  distances. 

,  Besides  the  force  of  cohesion,  there  is  an  oppo- 
site force  called  repulsion^  which,  when  in- 
action, tends  to  throw  the  particles  of  matter, 
away  from  each  other.  In  fact,  the  two  forces 
are  always  acting  against  each  other  in  all  sub- 
stances. Were  it  not  for  repulsion,  the  atoms-, 
would  rush  together  and  touch  each  other,  and  all 
matter  would  become  solid.  These  two  forces, 
always  acting,  are  constantly  changing  their 
relative  powers.  The  application  of  heat  to  sub- 
stances increases  the  repulsion,  the  particles 
move  further  apart,  and  the  mass  of  matter  be- 
comes larger.  This  is  the  common  action  we 
speak  of  as  expansion  by  heat.  It  will  be  seen 
that  in  reality  the  mass  itself  does  not  expand  ; 
the  particles  forming  the  mass  are  simply  moved 
further  apart     The  force  of  repulsion,  like  the 
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force  of  cohesion,  is  enormous.  In  most  sub- 
stances, repulsion  develops  but  slowly,  while  in 
others  it  is  instantaneous.  Thus  certain  sub» 
stances,  properly  treated  and  mixed,  form  gun- 
powder, and  the  application  of  high  heat  to 
gunpowder  will  develop  repulsion  between  the 
particles.  They  fly  apart  with  immense  force, 
and  this  force  we  often  make  use  of  in  peace  and 
war. 

A  change  in  the  internal  forces  of  matter  often 
changes  the  nature  of  the  substance.  A  piece  of 
ice  one  inch  square,  for  instance,  has  great  cohe- 
sion. It  is  hard  to  pull  the  particles  asunder. 
The  application  of  heat  to  the  ice  will  separate 
the  particles  so  far  that  the  force  of  cohesion  will 
no  longer  hold  them  in  place.  They  will  roll 
around  and  fall  and  slide  over  each  other.  By 
this  application  of  heat,  the  substance  has  been 
changed  from  a  solid  to  a  liquid.  There  are, 
however,  still  the  same  number  of  minute  parti- 
cles, and  their  form  and  nature  has  not  been 
changed.  If  we  apply  heat  still  further,  we  sep- 
arate the  particles  still  more,  and  finally  they  be- 
come pushed  apart  with  a  force  which  will  lift 
fifteen  pounds  for  each  square  inch  which  these 
particles  act  upon.  This  takes  place  when  the 
f^thennometer  indicates  212  degrees.  It  is  the 
boiling  point  of  the  water,  which  now  changes 
from  water  into  a  vapor,  and  the  cubic  inch  of 
ice  has  been  expanded  into  seventeen  hundred 


INTRODUCTION,  XXXUl 

a 

cubic  inches  of  vapor.  If  this  vapor  was  con- 
fined in  a  vessel,  instead  of  being  allowed  to  ex- 
pand freely,  the  repulsive  force  would  be  so 
great  as  to  burst  the  vessel,  if  not  of  great 
strength.  If  we  take  the  heat  away  from  this 
vapor,  the  particles  draw  together  again.  Thi? 
action  is  termed  condensation^  and  when  the 
heat  has  been  reduced  to  below  212  degrees,  we 
again  have  water,  or  the  matter  in  a  liquid  state, 
and  when  the  heat  is  reduced  to  below  32  de- 
grees, we  have  a  cubic  inch  of  ice  again,  and 
our  substance  is  once  more  in  the  solid  form. 
No  change  has  been  wrought  upon  the  particles 
of  matter  ;  they  have  simply,  by  changes  in  the 
forces  of  cohesion  and  repulsion,  been  separated 
from  each  other,  and  again  brought  near  to  each 
other. 

Just  such  changes  take  place  in  many  substan- 
ces by  the  application  of  heat.  Iron,  at  ordinary 
temperatures,  is  a  solid;  at  a  high  heat  it  softens; 
at  higher  heat  it  turns  liquid,  and  at  still  higher 
heat  it  vaporizes;  and  by  the  removal  of  heat  it 
is  brought  back  successively  to  liquid  and  solid. 

In  some  substances  the  particles  are  held  to- 
gether with  such  a  light  cohesive  force  that  they 
may  be  pushed  apart  with  ease.  When  we  can 
do  this,  we  say  the  substance  is  soft^  as  putty  or 
clay  for  instance;  but  when  the  particles  insist 
on  holding  their  usual  position,  and  yield  only 
to  great  force,  we  say  the  substance  is  hard. 
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In  stone  and  the  metals,  for  instance,  we  move 
the  particles  with  great  difficulty. 

A  finger  may  be  punched  into  putty  with  ease, 
but  powerful  machinery  is  required  to  disarrange 
the  particles  of  matter  forming  iron. 

Substances  which  crumble  and  break,  instead 
of  changing  form,  when  force  is  applied  to  them, 
are  called  brittle.  Chalk,  stone,  glass  and  cast 
iron  are  examples ;  but  substances  which  permit 
a  change  in  form  are  called  malleable.  Gold, 
wrought  iron,  lead,  platinum  and  copper,  are  ex- 
amples. In  malleable  substances,  the  small 
particles  can  be  moved  without  separating  so 
far  as  to  be  beyond  the  range  of  cohesive  force. 
Some  brittle  substances  become  malleable  when 
heated.  Wax  is  such  a  substance,  and  glass, 
when  heated,  can  be  spun  into  the  finest  and 
most  delicate  threads. 

Substances  which  can  be  drawn  into  wire  are 
called  ductile  substances.  Many  of  the  metals 
are  ductile  to  a  great  degree,  while  some  are  not 
at  all  so. 

Gold  is  very  ductile  and  very  malleable.  It 
can  be  drawn  into  the  finest  wire  and  can  be 
hammered  into  sheets  so  thin  and  delicate  that 
it  takes  two  hundred  and  fifty  thousand  sheets 
to  make  a  pile  an  inch  high. 

Almost  all  substances  possess  some  peculiarity 
in  structure;  some  variation  in  the  size  of  mole- 
cules; some  variation  in  the  distance  between 
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them;  and,  consequently,  some  variation  in  their 
cohesion  or  strength.  Many  substances  may 
have  their  structure  altered  by  various  pro- 
cesses, and  thus  take  a  new  nature. 

If  we  examine  a  piece  of  soft  steel,  we  notice 
that  it  is  composed  of  rather  coarse  grains.  If 
we  strike-  this  steel  with  some  hard  substance, 
we  find  that  the  particles  are  moved,  and  the 
steel  is  bruised  and  dented.  By  means  of  a  file 
we  can  even  pull  particles  away  from  the  mass 
and  reduce  its  size.  We  judge  by  this  that,  the 
cohesion  of  soft  steel  is  not  extraordinarily  high. 
The  particles  do  not  strongly  object  to  being 
moved  out  of  their  usual  position.  We  may 
bend  the  piece  of  steel,  and  thus  change  the  rela- 
tive position  of  every  particle,  and  the  piece  will 
stay  bent,  thus  indicating  that  the  particles  are 
not  tightly  bound  together.  If  we  take  this 
same  piece  of  soft  steel  and  heat  it  till  red,  and 
then  suddenly  cool  it  in  water,  or  other  cold 
matter,  we  will  find  that  the  molecular  structure 
is  greatly  altered.  If  the  piece  be  broken,  it 
will  be  noticed  that  the  grains  are  very  fine  and 
very  closely  compacted  together.  The  cohesion 
of  the  particles  has  increased  so  very  much  that 
it  is  found  almost  impossible  to  separate  them. 
Hard  blows  with  the  hardest  of  substances  will 
not  move  the  particles  so  as  to  form  dents. 

The  hardest  of  files  will  not  separate  any  of 
the  particles  from  the  ma^s.     It  is  now  hard,  and 
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its  cohesion  is  so  great  that  it  will  move  the 
particles  of  almost  all  other  substances  against 
which  it  may  be  forcibly  applied.  This  quality 
fits  hard  steel  for  tools,  etc. 

If  an  attempt  be  made  to  bend  this  hard  steel, 
it  will  be  found  that  the  particles  are  bound 
together  so  tightly  and  resist  a  change  of  posi- 
tion so  powerfully,  that  they  will  not  move  until 
sufficient  power  is  applied  to  separate  them 
entirely.  The  piece  of  steel  breaks  instead  of 
bending.  Hardness  is  always  accompanied  by 
brittleness.  If  we  heat  this  hard  steel  and  cool 
it  very  slowly  instead  of  suddenly,  we  again 
have  soft  steel  instead  of  hard  steel;  malleable 
steel  instead  of  brittle  steel;  particles  far  apart 
and  loosely  held,  instead  of  closely  packed  and 
powerfully  held  together  by  cohesion. 

Copper  is  exactly  the  reverse  of  steel  in  the 
way  its  cohesion  is  affected  by  sudden  heating 
and  cooling.  Soft  copper  heated  red  and  sud- 
denly cooled  becomes  still  softer  and  more  duc- 
tile and  malleable.  Soft  copper  heated  and 
slowly  cooled  becomes  harder  and  more  brittle. 

Glass  is  a  very  hard  and  brittle  substance. 
Its  particles  can  be  moved  on  each  other  only 
by  a  harder  substance.  Diamond  is  very  much 
harder,  being,  in  fact,  the  hardest  substance 
known. 

Hard  substances,  owing  to  their  brittleness, 
can  often  have  their  fine  molecules  broken  away 
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by  light  blows.  A  highly  polished  piece  of  the 
hardest  steel,  if  exposed  to  the  action  of  a  dusty 
wind,  will  become  dull  and  rough  by  reason  of 
the  outside  particles  being  hammered  and  cracked 
off  by  the  millions  of  light  blows  received  from 
the  flying  particles  of  dust.  The  diamond  is  so 
very  hard,  and  its  particles  so  extremely  cohesive, 
that  it  withstands  for  many  years  the  hammering 
action  of  the  dusty  air.  A  false  diamond,  made 
of  the  hardest  of  glass,  and  polished  in  the  same 
way  and  as  highly  as  a  real  diamond,  will  reflect 
the  light  with  great  brilliancy  and  will  appear 
like  a  diamond,  but  a  few  hours'  exposure  to  the 
common  air  serves  to  break  away  and  deaden  its 
comparatively  soft  surface. 

As  before  stated,  the  combination  of  two  differ- 
ent substances  often  produces  a  substance  unlike 
either.  Thus  copper  and  tin  are  both  very  soft, 
ductile,  and  malleable  metals.  Nine  parts  of 
copper  and  one  part  of  tin,  melted  and  mixed, 
form  the  alloy  known  as  gun  metal.  This  alloy, 
unlike  either  of  the  metals  of  which  it  is  formed, 
is  very  hard  and  tough,  and  possesses  compara- 
tively no  malleability  or  ductility.  Of  the  two 
metals  composing  this  alloy,  tin  is  much  the 
softer,  yet  an  increase  in  the  proportion  of  tin  in 
the  alloy  hardens  it.  When  the  alloy  is  one- 
third  tin  and  two-thirds  copper,  it  is  so  hard  that 
steel  tools  will  not  cut  it,  and  so  brittle  as  to  fly 
to  pieces  when  subjected  to  light  blows. 
4 
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In  speaking  of  the  inolecnlar  change  in  steel 
when  suddenly  cooled  after  being  lieated,  it  was 
stated  that  soft  steel  allowed  its  molecules  to  be 
moved  around  on  each  other  by  denting  or  bend- 
ing, and  that  the  molecules  will  stay  in  any  new 
position  where  put  Thus  a  blow  on  soft  steel 
leaves  a  dent,  or  a  new  arrangement  of  the  mole- 
cules. When  the  steel  is  hard,  no  dent  can  be 
made,  because  the  molecules  refuse  to  move. 

If,  instead  of  cooling  the  steel  suddenly,  it  be 
cooled  neither  suddenly  nor  slowly  (a  process 
called  tempering)  we  will  have  a  new  condition 
of  the  molecules,  and  new  properties  in  the  steel. 
It  will  be  neither  very  hard  nor  very  soft  If  it 
be  struck  with  a  hard  substance,  the  molecules 
will  move,  but  will  immediately  return  to  their 
old  positions.  The  steel  can  be  dented,  but  the 
dent  instantly  disappears.  When  the  steel  is 
bent  it  instantly  straightens  again  with  consider- 
able force.  Steel  in  such  condition  is  fitted  for 
springs.  When  a  material  is  composed  of  mole- 
cules which  will  allow  themselves  to  be  dis- 
placed, and  still  return  Iji  their  original  positions, 
that  material  is  said  to  be  elastic.  Glass,  though 
hard  and  brittle,  is  very  elastic.  Ivory  is  very 
much  so;  india  rubber  is  elastic  to  a  remarkable 
degree,  and  spring  steel,  and  spring  tempered 
metals  generally,  are  very  elastic.  If  a  lead  ball 
be  dropped  on  the  pavement,  it  will  be  flattened 
on  the  side  which  strikes;    the   flat   part   will 
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stay  flat,  because  the  lead  has  no  elasticity.  If 
an  india-rubber  ball  be  dropped  on  the  pavement, 
it  will  be  flattened  very  much  more  than  the  lead 
ball;  but  the  elasticity  of  the  substance  is  so 
great  that  the  particles  all  resume  their  old  posi- 
tions with  such  force  as  to  bounce  the  ball  upward 
to  a  considerable  height,  and'  when  the  ball  is 
examined,  no  sign  of  the  flattening  is  seen. 

Some  substances  may  be  squeezed  or  com- 
pressed into  very  much  smaller  bulk ;  such  sub- 
stances are  said  to  be  compressible.  If,  upon 
being  released,  they  return  to  their  former  bulk, 
they  are  of  course  elastic.  All  substances  are 
to  some  extent  compressible.  Under  great  pres- 
sure, the  ether  is  crowded  out  from  between  the 
atoms,  and  the  substance  becomes  more  solid  or 
dense.  The  real  matter  in  substances  is  so  little, 
compared  with  the  ether  between  the  atoms,  that 
it  has  been  stated  that  the  whole  earth,  if  the 
atoms,  were  pressed  into  actual  contact,  and 
made  perfectly  dense,  would  not  fill  a  square 
foot  of  space.  Such  a  statement  seems  hard  to 
believe,  but  will  serve  to  bring  our  minds  to  a 
sense  of  the  porousness  of  all  matter. 

A  cubic  inch  of  lead  can  be  compressed  into 
one-tenth  of  that  bulk,  and  it  will  remain  so,  and 
be  more  dense  or  solid.  A  room-full  of  air  can 
be  compressed  into  a  thimble,  but  will  immedi- 
ately expand  to  its  full  volume  when  released, 
owing  to  its  great  elasticity. 
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We  know  very  little  of  the  real  cause  of  nat- 
ural forces.  We  know  that  some  great  force 
tends  to  draw  the  atoms  of  some  matter  closely 
together,  and  we  call  that  force  cohesion.  We 
know  that  some  great  force  tends  to  force  the 
atoms  of  some  matter  apart,  and  we  call  that  force 
repulsion.  While  we  know  little  of  the  cause  of 
these  forces,  we  may,  by  close  observation,  be- 
come familiar  with  their  general  laws  of  action, 
and  it  is  a  knowledge  of  these  general  laws  of 
nature  which  forms  the  basis  of  science  and  of 
all  practical  operations  with  matter. 

In  many  substances,  as  has  been  stated,  some 
natural  force  causes  one  atom  to  draw  closely  and 
powerfully  toward  other  atoms. 

There  is  also  another  natural  force  which  tends 
to  draw  all  atoms  and  all  substances,  in  fact 
everything,  toward  the  centre  of  the  earth.  This 
force  we  call  gravity.  Cohesion  draws  the  atoms 
composing  a  piece  of  iron  closely  together  with 
great  force,  and  gravitation  draws  the  piece  of 
iron  powerfully  toward  the  centre  of  the  earth. 
It  seems  as  if  all  pieces  of  iron,  and  all  other 
pieces  of  matter,  were  simple  atoms  constituting 
a  great  universe  which  the  force  of  gravitation  was 
seeking  to  bring  to  the  centre  of  the  earth.  If 
we  lift  a  weight  it  falls,  and  if  it  could  fall  far 
enough,  its  line  of  travel  would  pass  through  the 
earth's  centre.  A  plumb  line  suspended  gives 
us  the  direction    to   the  earth's  centre.     Two 
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plumb  lines  five  miles  apart,  would  each  ponit 
to  the  earth's  centre,  and  as  the  earth  is  round, 
these  two  lines  would  not  be  parallel.  They 
would  be  further  apart  at  the  top  than  at  the 
bottom,  and  would  cross  at  the  centre  of  the 
earth.  A  very  long  building,  whose  walls  are 
perfectly  plumb,  is  wider  at  the  top  than  at  the 
bottom.  A  little  study  will  show  that  this  tap- 
ering building  with  the  large  end  upward  is  the 
most  secure  form.  The  stones  coniposing  it  tend 
to  fall  to  the  earth's  centre,  and  as  the  walls  are 
built  in  that  direction,  it  follows  that  each  stone 
is  supported  by  other  stones  placed  directly  under 
and  in  the  real  path  of  the  force  of  gravity. 

Gravity  acts  with  a  different  degree  of  force  on 
different  substances.  Those  substances  which 
are  attracted  powerfully  we  call  heavy  sub- 
stances, and  those  which  are  attracted  but 
slightly  we  call  light  substances.  In  comparing 
heavy  and  light  bodies  we  speak  of  their  iveighL 

In  referring  to  the  size  of  bodies,  science  uses 
the  term  mass^  which  means  the  same  as  bulk* 
A  large  thing  is  spoken  of  as  a  thing  of  great 
mass. 

In  studying  the  action  of  gravity  we  must  con- 
sider it  as  acting  on  substances  of  equal  mass. 
Thus  it  would  not  be  proper  in  investigating  the 
laws  of  gravity  to  experiment  on  one  cubic  foot 
of  lead  and  two  cubic  feet  of  iron.  The  mass  of 
the  iron  would  then  be  twice  the  mass  of  the 
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lead^  and  we  could  determine  but  little  as  to  the 
laws  of  gravity. 

We  should  deal  with  equal  masses  and  study 
closely  the  different  effects  of  gravity  on  similar 
masses  of  different  substances.  As  before  stated, 
when  the  atoms  of  a  substance  are  packed  closely 
together  we  say  that  substance  is  dense.  If  a 
substance  is  very  dense,  we  can  readily  see  that 
there  is  more  matter  than  ether  in  it;  while  if  it 
is  very  porous  tliere  may  be  very  little  matter  in 
a  large  mass.  Gravity  acts  on  substances  in  pro- 
portion to  their  densities. 

Lead  is  a  very  dense  material;  gravity  acts 
on  it  powerfully  and  we  say  it  is  heavy.  Cork 
is  very  porous;  gravity  acts  on  it  slightly  and 
we  say  it  is  light. 

A  cubic  foot  of  cork  weighs  fifteen  pounds, 
and  a  cubic  foot  of  lead  weighs  700  pounds. 
We  say  that  lead  is  more  than  forty-six  times  as 
heavy  as  cork.  There  is  so  much  diflFerence  in 
the  density  of  these  two  substances  that  we  can 
easily  see  it.  We  see  great  pores  in  the  cork, 
and  thus  know  that  the  particles  composing  it 
are  not  packed  closely  together  as  they  are  in 
lead.  Still  the  mass  of  the  lead  and  the  cork  is 
the  same,  for  we  are  speaking  of  a  cubic  foot  of 
each.  There  is  the  same  difference  in  nature 
between  all  substances  as  we  see  in  these  two 
substances,  but  the  degree  of  difference  is  not  the 
same.     Thus  cast  iron  is  vef>'  much  denser  and 
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heavier  than  cork,  but  is  lighter  and  more  porous 
than  lead. 

If  we  should  compress  a  cubic  foot  of  cork 
with  sufficient  force  we  might  make  it  very 
dense,  and  reduce  its  mass  so  that  forty-six  cubic 
feet  would  occupy  only  one  cubic  foot  of  space. 
If  we  should  do  this  the  cork  would  become  as 
dense  as  lead,  and  its  weight  would  be  the  same. 

Gravity  acts  on  all  matter.  There  is  no  sub- 
stance which  does  not  have  weight.  If  we  take 
an  evenly-balanced  pair  of  scales  and  place  a 
cubic  foot  of  lead  in  one  pan  and  a  cubic  foot 
of  cork  in  the  other  pan,  the  lead  will  be  drawn 
downward  by  gravity;  the  cork  will  also  be 
drawn  downward  by  gravity,  but  the  superior  at- 
traction for  the  dense  lead  so  far  overbalances 
the  attraction  for  the  porous  cork  that  the  cork 
rises  and  the  lead  falls.  Iron  dropped  into  water 
sinks  and  crowds  water  upward,  while  iron 
dropped  in  quicksilver  is  held  upward  and  floats 
on  the  heavier  quicksilver. 

Almost  all  substances  will  drop  through  the 
light  air,  but  common  gas  is  lighter  than  air,  and 
floats  upon  it.  The  air  is  the  heaviest,  and  is 
attracted  the  most  by  gravity.  All  these  sub- 
stances, however  light  and  airy,  have  some 
weight  We  look  upon  the  air  as  a  something 
having  no  weight,  because  we  are  always  com- 
paring it  with  substances  very  much  heavier. 
Air  has  weight,  and  a  bottle  full  of  it  will  weigh 
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more  than  a  bottle  from  which  all  air  has  been 
exhausted.  Air  weighs  seven  one-hundredths  of 
a  )>ound  to  the  cubic  foot.  It  would  take  10,000 
cubic  feet  of  air  to  weigh  as  much  as  one  cubic 
foot  of  lead. 

We  have  before  noticed  that  the  closer  to» 
gether  the  atoms  of  matter  are  packed,  the  greater 
the  cohesion.  This  is  also  true  of  gravity  act- 
ing on  matter.  The  closer  matter  is  brought  to 
the  centre  of  the  earth,  the  more  it  is  attracted 
by  gravity.  Gravity  acts  with  much  greater 
force  at  the  bottom  of  a  deep  mine  than  at  the 
top  of  a  high  mountain. 

We  have  thus  far  considered  only  a  few  of 
the  properties  of  matter,  but  they  have  been 
very  important  properties,  a  knowledge  of  which 
is  necessary  to  the  intelligent  exercise  of  ordi- 
nary every-day  operation  with  materials.  Other 
properties  of  matter  will  be  spoken  of  further 
along  in  these  pages.  We  have  looked  into  the 
structure  of  matter,  and  find  that  the  peculiar 
arrangement  of  molecules  in  different  substances 
gives  to  those  substances  diflPerent  qualities  of 
weighty  hardness  and  strength. 

The  properties  of  almost  all  substances  have 
been  determined  by  practical  scientific  investiga- 
tion, and  it  is  thought  well  to  insert  at  this 
point  tables  showing  the  different  relative  prop- 
erties of  different  well-known  substances. 
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WEIGHT  OF  DIFFERENT  SUBSTANCES. 

The  following  table  shows  the  weight  in 
pounds  of  a  cubic  foot  of  various  common  sub- 
stances. From  this  table  we  can  calculate  the 
weight  of  any  mass  of  any  substance  in  the 
table,  by  first  ascertaining  by  measurement  and 
calculation  how  many  cubic  feet  there  are  in  the 
mass,  and  multiplying  the  result  by  the  weight 
of  a  cubic  foot  of  the  substance: 

Sim«;xAvrH  Pounds  per 

bUBSTANCE.  ^^I^j^  f^^j 

MKTAIvS. 

Cast  iron 450.5 

Wrought  iron  bar 4S6.6 

Soft  steel 489.8 

Common  brass 537-7 

Wrought  copper 555. 

Cast  lead 709. 

Cast  zinc 428.S 

Tin .•   •   •  456. 

Mercury,  at  60° B48.75 

Gold 1013. 

Silver 551. 

Antimony 422. 

Aluminium 160. 

Platinum 1296. 

WOODS. 

Oak 55. 

Ash 53. 

Cork < 15. 

Cedar .  .  35. 

Chestnut 3b. 

Hickory      45. 

Irignum-vitae 83. 

Mahogany •  •   .  5a 
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Pine,  yellow 34. 

Spruce 31. 

Walnut 31. 

Willow 30. 

MISCEI.1.ANBOUS. 

Air  .   .  00.075 

Brick 102. 

Coal,  soft 80. 

Coke 62. 

Pressed  cotton 2a. 

Gutta-percha 61. 

Ice,  at  32° 57.S 

Moist  sand 128. 

Common  earth 137. 

Gravel 126. 

Glass,  window 165. 

Granite 165. 

Grindstone •  .   .   .   .  133. 

Marble 169. 

Millstone 155. 

Mud  loi. 

WQUIDS. 

Alcohol 50. 

Milk 64. 

Petroleum  oil 55. 

Water,  rain 62.5 

Dead  Sea 77.5 


<< 


STRENGTH  OF  SUBSTANCES. 

The  following  table  shows  the  breaking 
strength  of,  or  power  iu  pounds  required  to  pull 
apart  a  bar  one  inch  square  of  various  common 
substances.  The  strength  of  any  piece  of  sub- 
stance shown  in  the  table-can  be  found  by  meas- 
uring or  calculating  the  number  of  square  inches 
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area  of  the  piece  and  multiplying  the  result  by 
the  breaking  strength  of  one  square  inch,  as 
shown  in  the  table: 

SUBSTANCE.  POUNDS. 

Wrought  copper 34,ooo 

Copper  wire 61,200 

Cast  iron — American 31,800 

**          English 19,500 

Iron  wire •  .   .   .  103,000 

English  bar •    .   .  56,000 

Boiler  plate 50,000 

Cast  lead 1,800 

Platinum  wire 53,ooo 

Cast  silver 40,000 

Bar  cast  steel 88,000 

Shear  steel 124,000 

Cast  tin 5,000 

Zinc,  cast 3,50o 

Hydraulic  cement 234 

Glass 2,350 

Gutta-percha 3,5oo 

Ivory 16,000 

lye^^ther  belts ,   .    .   .  330 

White  marble 9,000 

Mortar,  good 60 

Manila  rope 9,000 

Hemp  rope 15,000 

Wire  rope 37,ooo 

Stone 350 

Gold 40,000 

Brass 42,000 

Bronze,  best , 56,800 

Oak 10,000 

Boxwood 20,000 

Beech  .   .    « 19 

Maple 14 
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Yellow  pine 14 

Cedar ....«•  13 

White  pine •    .   .   •  11 

Hemlock  .  .   .: 8 

Cork 5 

HARDNESS  OF  SUBSTANCES. 

It  is,  of  course,  impossible  to  speak  of  hard- 
ness in  pounds,  or  square  feet,  or  anything  of 
that  kind.  We  can  only  compare  the  hardness  of 
one  substance  with  the  hardness  of  another  sub- 
stance. Thus,  we  can  say  that  chalk  is  half  as 
hard  as  gold.  It  is  best  to  take  some  one  sub- 
stance as  a  standard  and  compare  other  sub- 
stances with  it.  Taking  Ormuz  diamond  as  the 
standard,  we  find  cork  to  be  one-twentieth  as 
hard.  For  convenience  it  is  best  to  give  the 
standard  a  value  of  one  hundred,  and  express  the 
hardness  of  other  substances  in  hundredths  of 
the  standard.  The  following  table  shows  the 
relative  hardness  of  various  substances,  Ormuz- 
diamond  being  taken  as  the  standard : 

SUBSTANCE.  HARDNESS. 

Ormuz  diamond ico 

Agate 71 

Quartz 70 

Ruby 64 

Granite 22 

Chalk 15 

Hard  steel 65 

Unhardened  steel 40 

Cast  iron 38 
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Wrought  iron       •  • 37 

Platinum •   •  47 

Common  brass •   ...  32 

'"  Hammered  gold 30 

r  Hammered  copper •... 34 

Hammered  silver 32 

Zinc 26 

Aluminium 24 

Tin      24 

-Babbitt  metal 20 

Cast  lead 15 

.  Ebony , 24 

Boxwood •  22 

Oak,  hard 22 

5 
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CHAPTER  I. 

THE  THEORY  OF  THE  STEAM   ENGINE 

The  theory  of  the  steam  engine  is  too  ex- 
tensive a  subject  to  be  treated  here,  except  in  a 
very  concise  manner.  We  only  attempt  a  plain 
and  practical  statement  of  the  course  pointed  out 
by  science  to  be  pursued  in  our  desire  to  measure 
the  economical  efficiency  of  the  steam  engine. 

To  those  who  desire  to  go  deeper  into  the 
matter,  we  would  recommend  **  Text-Book  of 
the  Steam  Engine'' — a  most  masterly  work  by 
T.  M.  Goodeve,  of  lyondon,  England,  a  compact 
and  clearly  put  treatise. 

The  following  will  be  sufficient  for  all  practical 
purposes.  (Theory  and  Practice,  like  Capital  and 
Labor,  are  twin  sisters  which  should  ever  go  hand 
in  hand  to  achieve  the  best  results.  Neither  can 
do  without  the  other  in  keeping  step  to  the 
world's  wonderful  progress.) 

In  1824  Sadi-Carnot,  who  was  a  French  officer 
and  a  son  of  Carnot  the  great  war  minister  of 
Napoleon  I. ,  demonstrated  that  the  efficiency — 
that  is  to  say,  the  power  of  doing  work — of  any 
steam,  gas  or  hot-air  engine,  depended  solely  on 
the  difference   between  the   temperature    7)  at 

(50) 
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which  it  received  the  fluid,  and  the  temperature 
/,  at    which  it  was  rejected,  and  this  principle 
:;5i  which   he    then    enunciated    is  a  ^ndiamental 

^^  truth  according  to  the  dynamical  theory  of  heat 

Oo  It  is  a  very  common  thing  to  hear  some  one  get 

"^  off  something  like  the  following: 

^  **One  pound  of  coal  develops  in  its  combustion 

^  12,000^  Fah.  units  of  heat  which  in  their  turn 

I  represent   12,000x772   foot  pounds  of  work  or 

5  £  9,264,000  foot   pounds,    and   these   represent   a 

"^^If^         consumption  barely  %  pound  of  coal  per  indi- 
^  I  "^         cated  H.  P.  per  hour,  whereas  few  engines  pro- 
duce an  indicated  H.  P.  per  hour  with  less  than 
ten  times  that  expenditure,  or  say  2%  pounds  of 
coal. ' ' 

Just  so.  Now  a  pound  of  coal  can  only  do 
work  by  the  operation  of  a  heat  engine  (and  a 
steam  engine  is  a  heat  engine,  for  it  is  the  heat 
that  does  the  work  and  nothing  else),  its  function 
being  to  store  up  heat  in  a  gas  (the  steam),  which 
does  work  by  expanding  between  two  given  tem- 
peratures. 

Let  a  pound  of  coal  supply  without  any  loss 
steam  at  say  joo  pounds  pressure  to  a  perfect 
engine  where  the  condenser  is  at  a  temperature  of 
100°  Fah.     The  temperature  of  the  steam  will' 

be  417°  Fah.    Hence  work  done==^77-5fo_3i?_4     /-*  v 

^^H^L*^  877  877      II 

I.  H.    No>^I.  H.  represents  i  A  H.  P.  for  one  pound 
of  coal.     zYi  pounds  of  coal  for  H.  P.  is  the 


^t  > ' 
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same  as  one  pound  of  coal  for  I  H.  P.  Hence 
the  comparison  lies  between  one  pound  of  coal 
for  I A  H.  P.  and  one  pound  of  coal  for  f  H.  P. , 
which  is  a  little  more  than  4  to  i  instead  of  10 
to  I.  We  begin  by  throwing  away  ^^  of  the 
whole  heat,  which  goes  into  the  condenser  and  is 
lost;  we  are  compelled  to  work  between  temper- 
tures  which  lie  between  moderate  limits  of  differ- 
ence, and  hence  it  is  useless  to  refer  to  the  whole 
heat  as  a  standard  of  comparison.  To  get  all  of 
the  work  (heat)  it  would  be  necessary  to  expand 
down  to  the  temperature  of  absolute  zero,  which 
is  about  — ^460°  Fah.  This  is  practically  and 
utterly  impossible,  and  that  condition  is  as 
hopelessly  removed  from  our  reach  as  if  it  were 
actually  in  some  distant  planet 

The  progress  made  in  the  economy  of  fuel  by 
successive  improvements  in  the  steam  engine 
and  boiler  can  be  readily  traced  by  looking  back 
historically  and  comparing  the  old  with  the  new. 

In  1775  it  was  about  27  pounds  of  coal  per  H. 
P.  per  hour,  Smeaton  brought  it  down  to  17 
pounds  of  coal  per  H.  P. ,  and  Watt  to  8  pounds 
coal  per  H.  P. ,  and  this  (8  pounds)  is  about  the 
average  of  the  present  *' wild-cat"  stationary 
engine  and  boiler  in  general  use  all  over  the 
country  in  this  year  1887.  It  is  needless  to  say 
that  none  of  that  kind  are  represented  in  this 
book. 

In  1863  the  compound  engine  brought  it  down 
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to  about  4  pounds  of  coal  per  H.  P.  per  hour. 
Some  of  our  best  engine-builders  have  brought 
it  down  as  low  as  2  pounds  per  H.  P.  per  hour. 
The  greatest  advance  ever  made,  as  yet,  has  just 
flow  (1887)  been  accomplished  by  Mr.  James 
Howden,  of  Glasgow,  Scotland.  He  has  just 
fitted  a  steamship  (the  ''Ohio'')  with  triple 
expansion  engines  which  develop  one  I.  H.  P. 
per  hour  on  i)^  pounds  of  coal.  For  this  great 
feat  Mr.  Howden  well  deserves  to  be  knighted 
by  her  Majesty  the  Queen,  and  so  say  we — all  of 
-us  American  engineers. 

The  man  who  will  bring  it  down  to  one  pound 
of  coal  per  I.  H,  P.  per  hour  will  confer  a  boon 
on  mankind.  This  done  the  engineers  will  have 
done  all  that  can  be  hoped  for  or  reasonably  ex- 
pected of  them. 

THK  DYNAMICAL  THEORY  OF  HEAT. 

The  dynamical  theory  of  heat,  which  assumes 
that  heat  is  a  mode  of  molecular  motion,  affords 
a  satisfactory  explanation  of  various  phenomena. 
In  all  cases  of  friction,  compression  and  percus- 
sion, a  certain  amount  of  mechanical  force  is 
arrested,  the  energy  of  its  visible  motion  is  spent 
in  producing  molecular  motion,  and  is  thus 
transformed  into  heat. 

The  quantity  qfheat  evolved  is  in  proportion  to 
the  mechanical  force  expended. 

Thus,  when  air  is  compressed,  the  rise  in  tern- 
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perature  is  due  to  the  mechanical  efiect  or  work 
which  must  be  spent  in  driving  the  particles  of 
the  air  nearer  together.  Conversely,  Heat  is 
consumed  in  effecting  mechanical  work.  Let  a 
cylinder  filled  with  compressed  air  be  cooled  to 
the  temperature  of  the  surrounding  bodies;  its 
elastic  force  is  competent  to  produce  mechanical 
work,  (i)  by  moving  a  piston,  or  (2)  in  displac- 
ing the  air  in  front  of  the  cylinder. 

If  now  this  air  is  allowed  to  expand  into  the 
atmosphere,  the  air  will  be  chilled,  because 
mechanical  work  has  been  performed  by  the  ex- 
penditure of  the  heat  to  which  the  elastic  force 
of  the  air  was  due. 

The  relation  which  exists  between  heat  and 
work  is  known  as  the  mechanical  equivalent  0/ 
heat^  or  simply  as  Joule's  equivalent  To  deter- 
mine for  gases,  suppose  a  tall  cylindrical  vessel 
»  (Fig-    !•)  C.,    whose  section   is 

equal  to  a  square  foot,  and  let 
P  P  be  a  piston  without  weight 
p  vig,  1,  moving  in  the  cylinder.  If  the 
piston  be  placed  so  that  the 
height  A  P  is  one  foot,  it  will 
inclose  a  cubic  foot  of  air. 
Now,  if  this  air  be  heated  490°  F.,  its  volume 
will  be  doubled,  and  will  raise  the  piston  one 
foot,  or  to  P'  P'.  In  raising  it  has  overcome  the 
pressure  of  the  atmosphere  above  the  piston,  or 
has  lifted  15  x  144  =  2160  pounds  one  foot,  and 
has  performed  work  equal  to  2160  foot  pounds. 
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With  the  same  amount  of  heat,  only  about 
one-fourth  as  much  water  would  have  been  raised 
490®,  because  the  specific  heat  of  air  is  or24>  that 
of  water.  .     '^^^     • 

The  weight  of  a  cubic  foot  of  air  is  ,^8-pomid;      •*  7  *  7  ^ 
hence  the  heat  imparted  to  perform  the  work  of 
the  air,  would  have  heated  only  0.08x0. 24=.oi9:a 
pounds  of  water  490°. 

This  is  equivalent  to  9.4  pounds  of  water 
heated  i^  Fah.  Hence  9.4  thermal  units  have 
been  required  to  raise  2160  pounds  one  foot  high 

•  "M t  „  •*/**)'  ^f.f^    {  so  as  to  retain  the 

'  i_  5  ^  ^  ^  being  heated,  the 

'  "^  ■   ^  -     —    *_  se  its  temperature 

7  6..  1  when  expanding 

^  /  b  ^   '^  e  ratio  of  1.421  :  i. 

^ .   I  ^  juired  to  raise  the 

^'91^^  of  air  where  kept 

X  to  be  9.4^  1.421= 

7^^  '  "^-^^^^    ;  ;  J 1.^^'''^  ts  from  9.4  units, 

^  ).  /  u  0  t  imparted  to  the 

^"^'''*  '  ?-7  5  I   is  competent  to 

>>  r-ci  trio  '  *^ 

'    ^  <?<-  ih. 


f    i    w 


j^y^     %  ^  'ed  in  performing 
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ri 


ds  one  foot  high. 


'Ill 
^  c  o  '"^  ^  th^^  ^^^  quantity 

/  >ound  of  water  i^ 

)unds  a  foot  high. 
'^al  equivalent  of 
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In  calculating  the  mechanical  equivalent  of 
heat,  all  the  possible  factors  must  be  found 
and  allowed  for  in  order  to  obtain  the  exact 
equivalent.  When  a  body  falls  freely  through 
the  air,  a  portion  of  its  force  will  be  expended 
by  friction  of  the  air,  and  the  heat  produced  will 
be  dissipated  by  radiation.  If  a  body  falling 
through  a  vacuum  is  suddenly  arrested  by  col* 
lision  with  another,  the  heat  generated  will  be 
in  proportion  to  the  height  of  the  fall. 

A  portion  of  this  heat  may  be  again  instantly 
converted  into  the  mechanical  motion  of  the  re»- 
bound,  and  the  remainder  will  be  divided  ber 
tween  the  two  bodies. 

Now,  since  the  height  through  which  a  body 
falls  is  proportioned  to  the  square  of  the  velocity 
attained  (V  =  8.o2  i/lT),  the  heat  generated  by 
the  percussion  of  bodies  moving  in  any  direction 
will  be  as  the  squares  of  their  velocities  at  the 
time  of  impact. 

The  dynamical  theory  also  explains  the  evolu- 
tion and  consumption  of  heat  which  accompany 
changes  in  the  volume  or  state  of  bodies. 

Thus  when  heat  enters  a  body,  its  actual  en- 
ergy is  absorbed  (i)  in  increasing  the  intensity 
of  molecular  motion,  which  is  shown  by  a  rise  in 
the  temperature,  (2)  in  separating  the  molecules, 
as  shown  by  expansion,  and  (3)  in  re-arranging 
its  molecules,  or  causing  a  change  of  condition. 
The  work  performed  is  partly  internal  and  partly 
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external.  The  exterior  work  is  employed  in 
overcoming  external  forces  which  resist  the  ex- 
pansion, and  the  interior  work  is  employed  in 
separating  and  re-arranging  the  molecules  within 
the  mass  of  the  body,  by  overcoming  cohesion  or 
affinity. 

In  whatever  way  we  view  it,  the  interior  work 
performed  by.  heat  is  enormous. 

Thus,  in  expansion,  a  slight  rise  in  tempera- 
ture will  produce  a  dilatation  which  would  re- 
quire the  expenditure  of  tremendous  mechanical 
power.  Latent  heat  is  merely  a  consumption  of 
heat  proportionate  to  the  interior  work  required 
to  overcome  cohesion  in  melting  or  vaporizing  a 
body. 

The  heat  required  to  melt  a  pound  of  ice  is  one 
hundred  and  forty-three  thermal  units,  which  is 
equivalent  to  110,396  foot-pounds. 

The  heat  required  to  change  boiling  water  in- 
to steam  is  967  units,  which  is  equivalent  to 
746,524  foot-pounds. 

The  actual  energy  of  the  heat  may  thus  be 
measured  by  its  equivalent  of  mechanical  motion. 
Inasmuch  as  this  motion  may  be  again  trans- 
formed into  sensible  heat  by  a  contrary  change 
ofstate^  the  atoms  are  said  to  possess  a  possible, 
or  potential  energy. 

Thus,  when  a  gas  is  liquefied  by  compression, 
external  work  is  supplied,  the  interior  work  due 
to  the  cohesive  force  which  draws  the  molecules 
together  is  transformed  into  sensible  heat. 
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In  like  manner,  the  cohesive  force  which 
changes  a  liquid  to  a  solid,  performs  interior 
work,  and  the  potential  energy  becomes  actual : 
that  is,  the  latent  heat  becomes  sensible.  So 
also  when  two  bodies  unite  by  chemical  affinity, 
the  molecular  motion  is  transformed  to  heat. 

Thus,  when  j  of  a  pound  of  hydrogen  combines 
with  I  of  a  pound  of  oxygen,  one  pound  of  steam 
is  produced,  and  6,892  thermal  units  are  evolved, 
which  are  equivalent  to  5,320,624  foot-pounds. 

The  molecular  force  evolved  in  changing  a 
mixture  of  these  gases  to  a  pound  of  ice  will 
therefore  be: 


THBRMAI, 
UNITS. 

1.  Potential  energy  of  combination  .      6,892 

2.  "  "  steam 967 

3.  "  "  water 143 


FOOT 

POUNDS. 

5,320,624 

746,524 
110,396 

6,177,544 


Total  energy 8,002 

This  is  equivalent  to  the  force  required  to 
raise  one  ton  to  a  height  of  3,098  feet,  or  3,098 
tons  one  foot  high. 

Molecular  forces  are,  therefore,  by  far  the  most 
powerful  of  any  with  which  we  are  acquainted. 


CHAPTER  II. 

ON  THE  BURNING  OF  FUEL  IN  THE  FURNACE  OI' 

A  BOILER. 

It  being  agreed  that  heat  is  the  agent  which 
does  work  in  an  engine,  and  that  steam,  air,  and 
vapor  are  but  the  instruments  for  transmitting 
the  motion  of  heat  to  the  machinery,  our  object 
will  be  to  store  up  in  an  elastic  working  sub- 
stance the  heat  derived  from  fuel,  and  to  guard 
against  loss  as  far  as  possible. 

As  a  general  rule  chemical  combination  is  ac- 
companied by  the  evolution  or  production  of 
heat,  and  chemical  decomposition  by  the  disap- 
pearance of  heat  equal  in  amount  to  that  pro- 
duced during  the  previous  combination  of  the 
elements  which  are  undergoing  separation. 

Combustion^  or  burning,  is  the  name  given  to 
rapid  chemical  combination  attended  with  the 
evolution  of  intense  heat. 

It  is  necessary  to  bear  these  facts  in  mind  in 
estimating  the  heating  effect  of  fuel.  Thus, 
where  hydrogen  and  oxygen  exist  in  coal  in  the 
proportion  necessary  for  forming  water  (viz:  one 
of  hydrogen  to  eight  of  oxygen  by  weight,)  it  is 
usual  to  assume  that  they  do  not  influence  the 
heat  of  combustion. 

(59) 
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The  hydrogen  is  taken  to  have  been  already 
burnt  in  oxygen.  In  coal  there  may  be  5  per 
cent,  of  hydrogen,  and  4  per  cent,  of  oxygen:  this 
would  leave  4^  per  cent,  of  hydrogen  available 
for  heating  purposes.  There  appear  to  be  excep- 
tions to  the  above  rule,  and  Dr.  Percy  gives  the 
result  of  an  experiment  where -two  coals  closely 
agreeing  in  ultimate  composition  have  been 
found  to  diflfer  by  5  per  cent,  in  heating  power. 

The  composition  of  various  kinds  of  coal  is 
given  by  Dr.  Percy,  in  his  work  on  fuel,  and  it 
is  well  known  that  the  differences  in  the  consti- 
tuent parts  of  coal  are  very  great,  and  give  rise 
to  qualities  of  various  kinds  which  influence  the 
selection  to  be  made  for  heating  purposes. 

The  heat  given  out  in  the  burning  of  hydro- 
gen and  carbon  is  estimated  as  follows: 

UNITS  OF  HEAT. 

I  pound  of  hydrogen   consumes   about  36 

pounds  of  air  and  gives  out 62,032. 

I  pound  of  carbon  burnt  to  carbonic  oxide, 

about  6  pounds  of  air  and  gives  out.  .    .   .  4)452. 

z  pound  of  carbon  burnt  to  carbonic  acid, 

about  12  pounds  of  air  and  gives  out .   .   .  14? 545* 

> 

According  to  Dr.  Percy  the  heating  power  of  a 
substance  is  the  number  of  units  of  heat'produced 
by  the  combustion  of  a  unit  of  weight  of  the 
substance;  and  if  the  unit  of  heat  be  defined 
according  to  the  Centigrade  scale — 
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Heating  power  of  hydrogen  is  34,462. 

Heating  power  of  carbon  is  2,473,  when  burnt  to  carbonic 
oxide. 

Heating  power  of  carbon  is  8,080,  when  burnt  to  carbonic 
acid. 

Also  I  pound  of  hydrogen  evaporates  64.2  pounds  of  water 
at  212®  Fah. 

Also  I  pound  of  carbon  (burnt  to  carbonic  oxide)  evapor- 
ates 4.6  pounds  of  water  at  212°  Fah. 

Also  I  pound  of  carbon  (burnt  to  carbonic  acid)  evaporates 
15  pounds  of  water  at  212°  Fah. 

It  does  not  appear  that  the  absolute  heat  of 
combustion  can  be  increased,  but  it  is  easy  to 
pile  up  the  waves  of  heat  in  an  enclosed  space, 
and  thereby  to  increase  wonderfully  the  apparent 
power  of  the  combustion. 

The  furnace  may  be  looked  tipon  as  a  large 
chemical  apparatus  in  Which  coal  and  air  are  to 
be  mixed  together  in  the  proportion  best  adapted 
for  burning  the  fuel  without  waste.  In  perform- 
ing this  operation,  an  engineer  falls  very  far  be- 
hind a  scientific  chemist  when  operating  on  a 
small  scale  in  his  laboratory. 

Thiis  a  chemist  in  burning  one  pound  of  or- 
dinary coal  in  a  carefully  protected  chamber, 
would  cause  the  heat  from  the  fuel  to  evaporate 
(say)  14  pounds  of  water,  whereas  the  evapora- 
tion per  pound  of  coal  in  a  steam  boiler  seldom 
exceeds  10  pounds,  or  10  j4  pounds,  of  water,  a 
common  performance  being  the  evaporation  of 
from  6  pounds  to  8  pounds  of  water. 

Looking  at  the  question  as  one  of  admixture 
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of  fuel  and  air,  the  rough  numbers  usually 
quoted  on  the  authority  of  Rankine  are  the  fol- 
lowing: For  the  actual  burning  of  ordinary^  coal 
in  a  furnace,  12  pounds  of  air  are  required  in 
order  to  combine  with  the  constituents  of  each  i 
pound  of  coal. 

But  the  gaseous  products  of  combustion  must 
be  largely  diluted,  otherwise  the  air  would  not 
get  at  the  fuel,  and  for  this  dilution  as  much  air 
again  is  required,  making  a  supply  of  24  pounds 
of  air  to  each  i  pound  of  fuel. 
.  Thirteen  cubic  feet  of  air,  at  60°  Fah.  and 
under  a  pressure  of  30  inches  of  mercury,  weigh 
about  I  pound.  Therefore  312  cubic  feet  of  air 
are  required  for  each  i  pound  of  fuel,  which 
comes  to  nearly  700,000  cubic  feet  of  air  for  the 
effective  burning  of  one  ton  of  coal. 

That  gas  and  hydrocarbon  vapor  proceeding 
from  coal  require  a  good  supply  of  air  for  burn- 
ing was  frequently  shown  by  Faraday  in  a  lec- 
ture experiment,  and  his  illustration  goes  to  the 
substance  of  the  whole  matter. 

The  device  was  to  soak  a  little  cotton-wool  in 
any  hydrocarbon  liquid,  and  set  it  on  fire  in  a 
jar  of  oxygen  gas.  In  such  a  case  the  hydrogen 
devours  the  oxygen  and  the  flames  light  up  with 
dazzling  brilliancy,  but  very  soon  the  supply  of 
oxygen  fails,  the  light  becomes  less,  when  all  at 
once,  for  no  apparent  reason,  the  burning  wool 
throws  out  a  dense  mass  of  black  flakes,  which 
fill  the  jar  in  a  thick  cloud. 
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'  The  quantity  of  soot  ejected  would  surprise 
any  one  but  a  chemist,  as  few  would  be  aware 
that  the  unburnt  liquid  was  capable  of  throwing 
out  such  a  supply  of  carbon. 

It  is  needless  to  say  that  the  effect  here  pro- 
duced in  the  jar  of  oxygen  is  the  same  as  that 
occurring  in  the  chimney  of  a  steam  boiler  when 
thie  supply  of  air  is  defective,  the  result  being 
that  so  frequently  seen,  viz.:  the  pouring  out  of 
dense  black  smoke  into  the  atmosphere.  The 
loss  of  heat  from  unburnt  gases  may  also  take 
place  without  being  made  evident  by  the  issuing 
of  smoke.  Thus  carbonic  oxide  may  pass  away 
instead  of  carbonic  acid. 

There  have  been  a  great  number  of  inventions 
relating  to.  the  prevention  of  smoke  in  steam 
boiler?  which  cannot  be  discussed  in  the  space 
here  -J>vailable. 

Sr^oke  once  formed  cannot  be  burned.  The 
proj  er  thing  to  do  is  to  devise  means  to  prevent 
the  formation  of  smoke. 

Ihe  various  modes  in  which  fuel  is  wasted 
have  been  classified  by  Rankine  somewhat  as 
follows: 

I.  Fuel  is  lost  by  the  escape  of  gases  in  an  un- 
burnt state,  or  by  permitting  black  smoke  to  be 
thrown  off. 

Here  the  supply  of  air  is  defective,  and  the 
physical  action  is  traced  to  the  remarkable 
affinity  of  hydrogen  for  oxygen  gas,  whereby  the 
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oxygen  is  absorbed  to  the  exclusion  of  carbon  lu 
the  first  instance. 

2.  There  is  waste  from  external  radiation  and 
conduction.  M.  Peclet  states  that  the  quantity  of 
heat  radiated  from  incandescent  charcoal  is  5  % 
of  the  total  heat  of  combustion,  and  that  the 
heat  radiated  from  coal  somewhat  exceeds  that 
radiated  from  charcoal.  The  practical  conclu- 
sion to  be  drawn  from  this  statement  is,  that  the 
heat  radiated  from  the  burning  fuel  should  be 
carefully  intercepted  in  ever>'  direction. 

Hence  the  economy  resulting  from  the  use  of 
an  internally  fired  boiler  with  internal  furnace 
tubes. 

As  to  the  heat  radiated  into  the  ash-pit;  that 
is  carried  back  again  to  the  fire  by  the  current  of 
entering  air.  In  respect  of  the  loss  of  heat  by 
conduction,  that  is  obviated  as  much  as  possible 
by  the  use  of  fire-brick,  and  where  the  furnace  is 
outside  the  boiler,  the  resistance  to  conduction 
is  increased  by  double  layers  of  brickwork  with 
enclosed  air  spaces  between  the  layers. 

3.  There  is  loss  of  heat  by  the  escape  of  gases  up 
the  chimney  at  a  temperature  above  that  which 
is  necessary  for  maintaining  the  draught. 

A  general  idea  of  the  value  of  a  chimney  in 
promoting  the  draught  of  a  fire  may  be  gathered 
from  a  statement  of  a  law  which  appears  to  be 
approximately  true,  viz:  That  the  velocity  of  air, 
as  due  to  increased  pressure,  is  that  acquired  in 
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falling  down  a  height  equal  to  the  unifonn  col- 
umn which  gives  the  increased  pressure. 

In  making  any  calculation  on  this  subject  it  is 
sual  to  adopt  the  hypothesis  that  air  is  incom-  ^T^^ 
pb^ssible  and  behaves  as  a  liquid. 

I^t  the  increase  of  pressure  support  5  inches    ^^6.^   -z/ 
of  wat^r.     We  know  that  29.922x13-596  inches -'^i-^y^C  \ 
of  water  balance  the  pressure  of  the  atmospliere 
which  would  be  produced  by  a  stratum  of  incom- 
pressible air  26,214  feet  high. 

Therefore,  i  inch  of  water  will  balance  64.4 
feet  of  air. 

Hence  5  inches  of  water  balances  322  feet  of 
air:  therefore  velocity  due  to  increase  of  pressure 

=,/  64.4x322 

=64. 4  v'  5 

=si44  f"^et  per  second,  very  nearly. 

According  to  the  old  rule  the  area  of  the  chim- 
ney should  be  ^^  that  of  the  fire-grate,  and  there 
should  be  i  square  foot  of  fire-grate  for  each 
horse-power. 

The  consumption  of  coals  per  horse-power 
being  estimated,  Mr.  Bourne  gives  Boulton  and 
Watt's  rule  for  proportioning  the  dimensions  of 
land  chimneys,  according  to  which  a  factory 
chimney  80  feet  high  would  have  a  sectional 
area  of  400  square  inches,  the  consumption  of 
coal  being  300  pounds  per  hour,  and  the  suction 
of  the  chimney  being  that  due  to  a  pressure  of 
a  little  more  than  i  inch  of  water. 
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Rankine  gives  formula  for  computing  the 
height  of  a  chimney  in  order  to  produce  a 
given  draught,  and  states  that  the  best  chimney 
draught  takes  place  when  the  absolute  tempera- 
ture of  the  gas  in  the  chimney  is  to  that  of  the 
external  air  as  25  to  12,  or  when  the  density  of 
the  hot  gas  is  one-half  that  of  the  external  air. 

For  example,  if  the  temperature  of  the  exter- 
nal air  be  50°  Fah.  the  best  temperature  of  the 
hot  gas  in  the  chimney  will,  according  to  this 
rule,  be  602°  Fah.,  which  is  less  than  that  of 
melting  lead,  viz.,  620°  Fah. 

Hence  the  rule  that  to  insure  the  best  possible 
draught  in  a  chimney  the  temperature  of  the 
hot  gas  should  be  nearly  sufficient  to  melt  lead. 

If  the  temperature  of  the  furnace  itself  be  esti- 
mated at  2,400°  Fah.  and  that  of  the  issuing 
gases  at  from  600°  Fah.  to  700°  Fah.  or  even 
higher,  as  is  often  the  case,  we  see  that  25  per 
cent  of  the  heat  of  combustion  passes  up  the 
chimney  and  is  consumed  in  producing  a 
draught  of  air  through  the  furnace  grate. 

The  loss  of  heat  from  the  waste  gases  may  be 
lessened  by  the  use  of  an  economizer  for  heating 
the  feed  water. 

Sir  W.  Fairbaim,  in  his  treatise  on  **  Mills 
and  Millwork,"  describes  an  economizer  intro- 
duced by  Mr.  Green,  of  Wakefield,  as  consisting 
of  a  series  of  upright  tubes  forming  a  supple- 
mentary boiler  placed  in  the  main  flues,   and 
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states  that  the  formation  of  soot  on  the  pipes 
was  tlje  source  of  the  ill  success  of  previous  at- 
tempts in  this  direction. 

This  difficulty  has  been  overcome  by  an  appa- 
ratus of  scrapers  or  cleaners,  and  it  is  found 
that  when  the  waste  gases  escape  at  a  tempera- 
ture of  400°  Fah.  or  500°  Fah.  the  feed-water 
can  be  heated  to  an  average  of  225^  Fah.,  the 
temperature  of  the  gases  after  leaving  the  pipes 
being  reduced  to  250*^  Fah. 

To  produce  this  effect  10  square  feet  of  heating 
surface  should  be  provided  for  each  horse-power. 

4.  Fuel  is  wasted  by  brittleness,  dust  and 
small  pieces  dropping  unburnt  through  the  bars 
into  the  ash-pit. 

5.  The  fuel  is  rendered  less  effective  by  the 
presence  of  earthy  compounds,  which  form 
clinkers,  abstract  heat  uselessly,  and  choke  up 
the  grate. 


I 
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CHAPTER  III. 

FORMS  OF  STKAM  BOILERS. 

The  construction  of  a  boiler  should  be  re- 
garded from  two  points  of  view,  (i)  There  is 
the  general  form  and  structure  adapted  to  sup- 
port the  bursting  pressure  of  the  steam.  (2) 
There  are  considerations  arising  from  the  un- 
equal action  of  the  heat  of  the  burning  gases, 
and  there  are  precautions  to  be  taken  for  dimin- 
ishing the  waste  of  heat 

Considerations  which  influence  the  forms  of 
boilers. — The  early  boilers  were  designed  in  sim- 
ple defiance  of  all  mechanical  principles.  With- 
out doubt  the  safety  of  a  boiler  depends  on  the 
strength  of  the  metal,  but  it  is  quite  wrong  to  say 
that  it  is  independent  of  the  form  of  the  shell, 
and  any  one  who  thinks  for  a  moment  on  the 
subject  will  comprehend  that  a  cylindrical  tube 
of  some  kind  is  the  proper  vessel  wherein  to 
retain  a  supply  of  steam  under  pressure.  The 
strongest  form  of  a  vessel  for  holding  a  gas  under 
pressure  is  a  sphere:  that  is  the  natural  form 
for  the  purpose,  as  we  learn  in  blowing  a  soap- 
bubble. 

But  no   one  w^ould   recommend  a   spherical 
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boiler,    there    are    so    many    practical    reasons 
against  it. 

The  next  best  theoretical  form  is  a  cylinder, 
which  may  be  of  any  size,  and  only  suffers  from 
weakness  at  two  ends. 

With  cylindrical  boilers  there  is  a  difliculty 
about  strengthening  the  ends. 

Theory  would  tell  us  to  make  the  ends  hemi- 
spherical, when  their  strength  would  be  as 
much  as  twice  that  of  the  cylindrical  sides. 
There  is,  however,  a  practical  objection  to  form- 
ing a  hemispherical  or  egg-end,  as  it  is  called, 
from  the  boiler  plate;  and  the  result  is  that  the 
ends  are  commonly  made  of  flat  plate,  which  is 
strengthened  artifically  in  such  a  manner  as  to 
give  security  against  danger.  As  to  the  strength 
of  boiler-plate  the  general  rule  is  that  a  rolled 
plate  is  less  strong  per  square  inch  of  section 
than  a  thick  bar  of  the  same  iron. 

Also  the  reduction  of  strength  is  more  marked 
in  the  transverse  than  in  the  longitudinal  direc- 
tion. There  is  a  further  subtraction  from  the 
strength  by  riveting;  and  according  to  Sir  W. 
Fairbftirn  the  breaking  strains  of  riveted  joints 
of  boiler  plate  are  estimated  somewhat  as  fol- 
lows: 

POUNDS. 

Iron 50,000 

Double  riveted  joints 35»ooo 

Single  riveted  joints •••••••••  28,000 

Per  square  inch  of  section. 
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Since  the  plates  after  rolling  are  stronger 
in  the  direction  in  which  they  are  rolled  than 
transversely,  it  is  apparent  that  they  should  be 
so  disposed  that  the  direction  of  greatest  strength 
should  encounter  the  greatest  strain. 

But  the  strain  on  the  longitudinal  section  is 
greater  than  that  on  the  transverse,  and  hence 
the  plates,  which  may  be  3  feet  wide,  are  wrapped 
round  the  circumference,  being  laid  in  three 
lengths  in  order  that  the  longitudinal  seams 
may  clear  the  brick-work  seatings. 

As  a  consequence  of  the  theoretical  dispropor- 
tion between  the  two  strains,  it  is  further  recotn- 
mended  that  the  longitudinal  seams  should  be 
double-riveted  with  Y^-inch  rivets^  pitched  about 
2  j^  inches  longitudinally  and  2  inches  diagonally. 

The  transverse  seams  are  single-riveted,  the 
pitch  being  2  inches.  To  double-rivet  them 
would  appear  to  add  but  little  to  the  strength  of 
the' boiler,  though  it  would  increase  its  weight 
and  cost.     . 

The  tubes  diminish  the  area  of  the  flat  ends 
and  relieve  the  pressure  tending  to  rupture  the 
material  on  a  transverse  section.  They  further 
act  as  stays  for  holding  the  ends  together. 

On  both  these  accounts  a  boiler  with  internal 
tubes  becomes  stronger  than  it  would  be  with- 
out the  tubes,  so  far  as  transverse  rupture  is  con- 
cerned. The  flat  ends  remain,  however,  a  source 
of  anxiety,  and  in  order  to  support  them  gusset 
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stays  and  tie  rods  are  employed,  as  to  which 
something  will  be  said  after  the  disturbing 
action  of  heat  has  been  noticed. 

EFFECT  OF  HEAT. 

The  wear  and  ultimate  strength  of  a  boiler  are 
greatly  influenced  by  adopting  a  construction 
which  shall  provide  for  the  inevitable  changes 
of  form  caused  by  unequal  expansion  and  con- 
traction due  to  changes  in  temperature. 
.  Heat  is  motion,  and  as  soon  as  the  fire  inside 
a  furnace  tube  is  lighted,  the  metal  on  the  top 
becomes  more  heated  than  under  the  surface, 
and  the  tube  arches  itself  in  consequence  of  the 
greater  expansion  of  the  hotter  portion. 

And  not  only  so,  but  the  tube  lengthens 
as  a  whole,  and  the  flat  ends  bulge  outwards. 
Finally  the  water  becomes  heated  and  the  whole 
structure  elongates,  and  unless  sufficient  allow- 
ance be  made  for  the  pulsating  movements, 
straining  will  occur,  which  may  possibly  end  in 
rupture. 

The  linear  expansion  of  wrought  iron  (soft 
forged,)  under  the  action  of  heat  is  stated  to  be 
.0012204  for  a  rise  in  temperature  from  o^  C,  to 
100^  C. 

Thus  a  bar  of  iron,  30  feet  long,  expands  about 
^  inch  for  a  rise  in  temperature  of  132.2°  C. 

The  expansion  of  the  parts  of  a  boiler  as. 
caused  by  heat  is  of  course  capable  of  accurate 
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measurement;  and  in  particular  the  so-called 
hogging  of  a  boiler  tube  has  been  observed  by 
applying  three  gauge  rods  attached  at  equal 
distances  along  the  crown  of  the  tube;  each  rod 
is  carried  vertically  upwards,  and  passes  through 
a  stuffing  box  in  the  shell  of  the  boiler,  whereby 
it  has  been  possible  to  observe  very  accurately 
the  distortion  of  the  tube. 

One  boiler  experimented  on  was  28  feet  long, 
and  it  was  found  that  the  tube  rose  }i  inch  when 
the  flame  passed  around  the  boiler  in  the  ordi- 
nary way  along  the  side  flues,  and  that  it  rose 
j4  inch  when  the  flame  was  carried  directly  into 
the  chimney  without  heating  the  outer  shell. 

The  gauge-rod  at  one-fourth  the  length  of  the 
boiler  from  the  front  end  rose  as  much  as  that, 
and  in  one  case  ^  in  more. 

Also  the  colder  the  water  at  starting  the 
greater  was  the  distortion,  and  generally  the  ac- 
tion was  more  severe  just  after  the  lighting  of  the 
fires.  As  soon  as  the  whole  of  the  water  became 
permanently  heated  the  gauge  rods  retired  to 
their  primary  position,  the  distortion  of  the  tubes 
seldom  lasting  for  more  than  an  hour.  Mr. 
Fletcher  recommends  that  the  end  plates  of 
boilers,  to  be  used  at  a  pressure  of  75  pounds  per 
square  inch,  should  be  ^  inch  in  thickness, 
increasing  to  /^  inch  for  increased  pressure  with- 
in moderate  limits,  excessive  thickness  being 
undesirable,    as    confining    or    restraining    the 
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necessary  movemeiit  of  the  furnace  tubes.  The 
object  is  to  strengthen  the  end  plate;  and  yet  to 
preserve  its  elasticity,  and  in  carrying  out  this, 
intention  it  is  a  rule  to  attach  the  plate  at  the 
front  of  the  boiler  to  the  shell  by  external  angle 
iron.  This  mode  of  construction  is  not,  how- 
ever, adopted  at  the  opposite  end. 

The  furnace  flues  are  a  vulnerable  part  of  the 
boiler,  inasmuch  as  they  are  liable  to  yield  by 
collapsing  unless  sufficiently  strengthened. 

The  subject  of  strengthing  the  internal  tubes  of 
the  internal  fire  flue  boiler  was  investigated  by 
Sir  W.  Fairbairn,  whose  experiments  led  to  the 
following  conclusions: 

(i)  The  strength  of  a  tube  to  resist  collapse  by 
external  pressure  is  inversely  as  its  diameter. 

(2)  The  strength  varies  inversely  as  the 
length. 

(3)  The  collapsing  pressure  in  pounds  per 
square  inch  2.19 

(Thickness  of  plate  in  inches.) 

^     ^Length  in  feetX diameter  in  inches. 

In  these  experiments  the  ends  of  the  tubes 
were  firmly  attached  to  rigid  plates,  and  the 
vessel  in  which  the  compressing  force  was 
applied  was  a  cast  iron  cylinder  8  feet  long, 
28  inches  in  diameter  and  2  inches  thick,  which 
could  be  safely  strained  as  far  as  500  pounds  per 
square  inch. 

Into  this  cylinder  air  was  forced  by  a  pump, 
and  produced  any  required  pressure  on  the  sur- 
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face  of  a  quantity  of  water  which  nearly  filled 
the  cylinder,  and  in  which  the  tube  under  trial 
was  completely  immersed.  There  were  two 
gauges  for  reading  the  pressure,  and  a  safety 
valve  in  addition,  which  was  loaded  by  a  weight. 

The  experiments  made  by  Sir  W.  Fairbaim 
were  valuable  as  calling  attention  to  a  material 
subject  connected  with  the  construction  of 
boilers;  but  it  appears  that  a  special  contrivance 
for  strengthening  furnace  flues,  while  allowing 
at  the  same  time  for  their  expansion  and  con- 
traction, had  been  originated  some  years  prior 
to  the  researches  to  which  reference  has  been 
made.  At  a  meeting  of  the  Institution  of  Me- 
chanical Engineers  held  in  1876,  Mr.  Adamson 
stated  that  he  had  first  employed  a  *' flanged 
seam,''  as  it  is  termed,  for  the  strengthening  of 
furnace  flues,  as  early  as  the  year  1851. 

The  Figs.  2,  3  and  4  exhibit  three  forms  of 
joints  as  applicable  to  tubes  subjected  to  exter- 
nal pressure. 


■o^  "-O- 


/Vy.  2.  Fi^,  3. 


The    first,  marked  a^   consists  of  a   ring  of 


FORMS  OF   STKAM    BOII.KRS.  f^ 

T-iron,  riveted  as  shown.  It  is  abundantly 
strong,  and  is  in  a  form  which  has  been  adopted 
for  centuries  past  in  strengthening  guns.  The 
weakness  of  a  tube  to  resist  a  bursting  pressure 
on  a  longitudinal  section  has  been  already  dem- 
onstrated, and  a  common  method  of  strengthen- 
ing it  has  been  to  apply  parallel  rings  at  inter- 
vals along  its  length. 

In  this  way  steam  cylinders  of  great  length, 
which  are  subjected  alternately  to  a  bursting  and 
compressing  pressure,  have  been  strengthened. 
Every  one  is  aware  of  the  accession  of  strength 
caused  by  the  flange  of  a  pipe.  Since  action 
and  reaction  are  equal  and  opposite,  we  might 
have  anticipated  that  a  form  of  tube  constructed 
so  as  to  withstand  a  bursting  pressure  from  with- 
in, would  also  be  the  form  best  adapted  for  re- 
sisting a  collapsing  pressure  from  without. 

The  difficulty  of  calculation  in  the  latter  case 
arises  from  the  liability  to  deformation,  which  is 
soon  set  up,  after  which  theory  is  of  little  use  in 
enabling  us  to  predict  a  result- 
But  although  the  joint  a  has  ample  strength, 
it  is  deficient  in  another  quality  which  is  of  im- 
portance, viz.,  it  does  not  permit  any  alteration 
of  length.  The  whole  furnace  tube  is  rigid,  and 
expands  or  contracts  as  one  piece. 

Whereas,  in  the  joint  marked  ^,  the  expan- 
sion or  contraction  of  each  length  of  the  tube  is 
provided  for  by  the  arched  or  the  corrugated 
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piece,  and  here  there  is  increased  strength  com- 
bined with  power  of  expanding  or  contracting 
freely.  In  the  joint  r,  which  is  known  as 
*'  Adamson's  flanged  joint,"  there  is  the  strength 
of  the  T-iron  directly  combined  with  the  curved 
end,  which  allows  of  unimpeded  expansion  or 
contraction. 

The  arrangement  is  most  convenient  and  effec- 
tive, and  is  particularly  valuable  as  giving  a 
seam  where  the  rivets  are  protected  from  the  fur- 
nace gases,  and  are,  in  fact,  immersed  in  water, 
one  consequence  of  the  construction  being  that 
the  joint  will  bear  intense  heat  much  better  than 
any  other  where  the  rivets  are  exposed. 

STRENGTH   OF   BOILERS. 

While  the  pressure  acts  from  the  centre  radi- 
ally out  to  the  circumference  on  an  indefinite 
number  of  radial  lines,  the  mathematics  of  the 
strength  of  the  shell  supposes  that  the  pressure 
acts  as  the  arrows  «,  a,  a^  «,  in  Fig.  6,  that  is 
tending  to  lift  the  top  from  the  bottom.  In  Fig. 
5  the  pressure  represented  by  arrow  a  is  resisted 
by  arrow  a\  and  similiarly  arrow  b  and  b'  resist 
each  other,  and  as  each  are  equal,  we  may 
assume  any  one  direction  as  that  in  which  the 
pressure  acts,  as  ^,  a,  «,  ^,  in  Fig.  6,  tending  to 
part  the  boiler  through  the  line  ^,  b.  We  might, 
as  stated  above,  assume  any  other  direction  of 
the  pressure,  but  as  the  shell  is  as  strong  through 
b^  b  as  it  is  through  any  other  similar  section, 
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the  strength  as  ascertained  at  b^  b  will  be  the 
strength  of  the  boiler.  The  standard  of  compar- 
ison between  different  brands  of  boiler  iron  is 
based  on  the  strength  of  a  square  bar  of  that 
iron,  the  sides  of  which  are  one  inch  in  length, 
and  a  section  through  the  bar  representing  one 
square  inch.  The  tensile  strength  of  such  a  bar 
will  average  50,000  pounds.  Assuming,  then, 
that  the  pressure  tends  to  tear  the  top  from  the 
bottom  of  the  shell,  it  is  apparent  that  the  force 
acting  to  do  this  is  represented  by  the  length  of 
the  shell  in  inches,  multiplied  by  the  diameter 
in  inches  and  by  the  pressure  per  square  inch. 
The  iron  being  the  same  thickness  throughout 
the  shell,  we  will  also  assume  that  a  section 
one  inch  in  length  of  the  boiler  is  a  facsimile 
as  to  strength  of  any  other  section  of  similar 
length.  The  iron  being  A  of  an  inch  thick  and 
one  inch  (assumed)  in  length,  it  is  plain  that  its 
strength  is  but  ^^  of  our  standard*  of  comparison, 
50,000  (or  15,625  pounds).  Now,  as  we  have 
two  sides  of  the  boiler  of  A  thick,  we  must 
double  the  above  amount,  which  =  31,250 
pounds,  as  the  strength  of  our  section  if  it 
were  without  a  joint.  The  strength  of  a  single- 
riveted  seam  (Fig.  7)  has  been  ascertained  to  be 
but  56%  of  the  solid  iron,  and  hence  we  must 
take  that  percentage  of  31,250  to  arrive  at  the 
strength  of  the  weakest  portion,  which,  of 
course,    comes    under    the    principle    that    the 
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strength  of  any  structure  is  equal  only  to  its 
weakest  part.  56%  of  31,250  =  17,500,  which  is 
the  product  of  the  length  of  our  section  (i  inch) 
X  by  the  diameter,  say  48  inches,  multiplied  by 
the  pressure  per  square  inch  necessary  to  burst 
the  boiler.  We  have,  therefore,  in  order  to  find 
the  pressure  per  square  inch  necessary  to  burst 
the  boiler,  only  to  divide  17,500  by  the  diameter 
(the  length  being  i  inch  or  unity).  This  gives  us 
nearly  365,  which,  divided  again  by  our  factor  of 
safety,  we  will  take  as  6  (or  the  working  press- 
ure =  to  i  the  bursting  pressure),  and  we  obtain 
60  nearly,  as  the  proper  working  pressure,  all  of 
which  tends  to  show  that  there  are  few  steam- 
boilers  in  the  United  States  that  are  not  carrying 
more  pressure  than  they  ought  to,  or  would  be 
allowed  to,  if  there  were  a  law  regulating  the 
subject. 

The  strength  of  a  joint,  like  Fig.  7,  through 
the  rivet  holes,  may  be  found  by  taking  the 
length  «,  less  the  diameter  of  one  hole  multiplied 
by  the  number  of  holes.  This  leaves  the  length 
of  solid  iron  between  the  holes,  which,  multi- 
plied by  the  thickness  and  by  the  strength  of  a 
sectional  inch,  and  from  15  to  20  per  cent, 
deducted  from  the  result,  for  injury  done  the 
iron  by  the  punch,  leaves  the  probable  strength 
of  metal  between  the  holes.  A  staggered  or 
double-riveted  joint,  shown  in  Fig.  14,  has  70 
per  cent,  of  the  strength  of  the  solid  sheet,  as  as- 


FORMS  OF  STEAM   BOILERS.  79 

certained  by  Fairbairn's  experiments.  From 
inspection,  it  will  be  seen  that  there  is  as  much 
metal  between  the  holes  h^  c  and  h^  f  as  there  is 
between  c^f.  The  metal  between  the  holes  is 
much  greater  than  in  Fig.  7,  while  the  number 
of  rivets  is  in  proportion  to  the  metal  left  be- 
tween the  holes,  and  hence  the  strength  of  the 
joint  may  be  deducted  from  the  metal  left  be- 
tween the  holes  on  a  line,  ^,  b.  The  strength 
of  a  rivet,  to  resist  shearing,  is  about  50,000  lbs. 
per  square  inch,  hence  the  sectional  area  of  one 
rivet,  multiplied  by  the  number  of  rivets,  and 
again  multiplied  by  50,000,  will  closely  approxi- 
mate their  shearing  or  detensive  strength.  The 
rivet  area  strength  should  be  kept  as  nearly 
equal  as  possible  to  the  strength  of  sheet  between 
the  holes.  The  strength  of  the  sheet  to  resist 
crushing  is  represented  by  Fig.  8.  It  is  plain 
that  if  the  rivet  does  not  shear,  nor  the  sheet 
rupture  between  the  holes,  the  part  a  must  be 
pushed  or  sheared  out  of  the  way,  if  rupture 
takes  place.  The  resistance  which  the  part  or 
piece  a  offers  is  represented  by  the  area  ^,  ^,  or 
the  length  rf,  by  the  thickness  of  the  plate  plus 
the  equal  area  ^,  r,  and  the  whole  multiplied  by 
the  detensive  strength  of  the  sheet,  which  is 
about  50,000  lbs.  per  square  inch.  In  designing 
a  joint,  the  piece  a^  Fig.  8,  the  shearing  strength 
of  the  rivets  and  the  strength  between  the  holes 
should  be  as  nearly  equal  as  possible,  to  make 
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as  strong   a    joint  as    is   possible.     The  joint 
shown  in  Fig.  12  has  a  welt  piece  a,  added,  and 


Fig.  5. 

is  much  used  in  boiler  work.  It  does  not  add 
as  much  strength  as  is  commonly  accredited 
to  it.     The  line  of  rivets  d  and  /^  Fig.  9,  are 


Fio.  a. 

commonly  spaced  twice  as  far  as  the  middle  one 
ey  and  therefore  present  only  half  the  shearing 
strength  of  rivets  that'  line  e  does,  and  hence  if 
rupture  were  to  take  place  it  would  occur  first 
through  either  d  or  /^  if  it  were  not  for  the 
stronger  joint  e.  Therefore,  after  the  internal 
pressure  exceeds  the  streagtfi  of  joint  ^^  or  y^  they 
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are  no  longer  of  use,  as  rupture  is  alone  pre- 
vented by  the  superior  strength  of  the  joint  e. 
The  welt  strengthens  the  joint  simply  because  it 
puts  the  rivet  g^  Fig.  12,  into  double  shear,  that 


a 


0000 


Fi^.  7. 

is,  the  rivet  must  be  sheared  through  the  line  h 
•and  7,  and  therefore  presents  double  resistance. 
The  part  of  the  plate  in  front  of  the  rivet  must 
be  proportionally  increased  to  meet  the  increased 
resistance,  and  the  pitch  of  the  holes  increased 
as  much  as  possible  and  still  retain  a  tight  joint. 
A  combination  of  this  joint  and  the  staggered 
riveted  joint  would  make  the  strongest  possible 
longitudinal  joint,  as  it  would  give  the  greatest 
amount  of  metal  between  the  holes,  and  also 
present  the  rivet  in  double  sheet.  Fig.  10  shows 
a  mode  of  making  a  joint  by  which  the  strength 
might  be  made  equal  to  that  of  the  solid  sheet. 
The  distance  between  the  holes,  by  making  the 
joint  long  enough,  might  be  made  equal  to  the 
width  of  the  sheet,  or  in  excess  of  it,  for  injury 
done  in  punching.  The  joint  shown  in  Fig.  13 
is  not  strengthened  by  the  second  row  of  rivets, 
barring  the  grip  due  to  contraction  of  the  extra 
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rivets,  as  the  strength  of  metal  between  either 
row  is  the  same,  as  is  also  the  number  of  rivets, 
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Fig.  8. 
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Fig.  9. 

etc. ;  and  the  joint  is  as  weak  through  one  row 
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of  rivets  as  the  other.  We  have  been  considering 
the  longitudinal  strength  only.  The  transverse 
strength  of  a  boiler  is  that  which  prevents  one 
end  from  being  torn  from  the  other.  This 
strength  is  represented  by  the  thickness  of  the 
iron  X  by  the  circumference  x  by  the  strength 
of  a  sectional  inch,  and  the  whole  less  the  per- 
centage of  loss  due  to  the  kind  of  joint.  How- 
ever, a  single  rivet  joint  will  suffice,  generally, 
as  the  boiler  is  about  twice  as  strong  transversely 
as  longitudinally. 


Fig.  Jl. 
Persons  buying  boilers  would  do  well  to  have 
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''•■' '  ;t...  samples  of  the  iron,  from  which  the  boiler  is  to  I 

be  built,  tested  for  tensile  strength,  and  take  no  | 
interested  parties'  word,  or  bond  either,  on  that 
point     An  actual  test  settles  the  matter  beyond 
'^"  doubt.     All  holes  should  be  drilled  &nA  rounded  I 

fl'  -'  „,       ■       in  the  inner  edge,  as  shown  at  «,  a,  a,  a,  Fig.  ii,| 
",  '  as  a  drilled  hole,    if  not  rounded, 

will  shear  the  rivet  sooner  than  a 
C ,  punched  hole.     Flat  surfaces  should  i 

'  "'     '  be  stayed  to  from  six  to  ten  times  | 

■^. ,  ■ ,  the  pressure  they  are  to  resist.     The 

area  of  rivets  holding  crow  feet  to  I 
'\         ■    .  boiler  heads,  etc.,  should  be  equal 

it  to  the  stay  coupled  to  said  crow 
foot.  It  is  a  good  plan  to  make  stays 
coupled  to  crow  feet  slightly  shorter  1 
than  the  required  length.  Expand  , 
them  by  heat,  and,  on  cooling,  theyl 
will  all  be  found  tight  and  neces- 
sarily bearing  their  proportional 
5j,,      \  strain.     It  is   a  bad  plan  to  collect  \ 

one  end  of  stays  (such  as  crown 
Fig.  12.  sheet  stays  when  stayed  to  shell) 
into  a  smaller  area  than  the  other,  as  it  is 
plain  to  be  seen  that  the  smaller  area  must  re- 
sist more  than  its  share  in  proportion  as  its 
area  is  smaller. 
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Fig.  13. 
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Fig.  14. 
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CHAPTER  IV. 

BOILER  ECONOMY. 

The  scieutific  measure  of  the  economy  of  a 
boiler  is  the  amount  of  water  evaporated  into 
saturated  steam,  at  some  unit  of  evaporation  per 
pound  of  combustible.  This  unit,  for  conveni- 
ence of  comparison,  is  usually  965.6,  or,  the 
units  of  heat  required  for  the  vaporization  of  one 
pound  of  water,  under  a  pressure  of  one  atmos- 
phere. However  convenient  this  may  be,  it 
hardly  ever  expresses  the  amount  of  water  which 
would  be  evaporated  if  the  evaporation  were  to 
take  place  under  one  atmosphere,  instead  of  be- 
ing reduced  to  that  condition  from  some  other 
pressure  at  which  it  actually  did  occur.  Neither 
is  it  a  correct  expression  of  the  relative  economy 
of  diflferent  boilers,  and  particularly  of  different 
types  of  boilers,  unless  the  evaporation  takes 
place  under  the  same  pressure  in  each  instance, 
and  unless  the  pressure  is  the  one  at  which  the 
boiler  is  to  be  used.  Manifestly  a  boiler  designed 
to  economically  generate  steam  under  a  pressure 
of  twenty  atmospheres  would  not  show  equal  re- 
lative economy  when  working  under  a  pressure 
of  two  or  three  atmospheres,  nor  would  the  re- 
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duction  of  the  performance  of  two  boilers,  work- 
ing under  these  pressures  respectively  to  some 
standard  unit,  be  in  any  sense  a  fair  criterion  by 
which  to  determine  their  relative  economy.. 

The  practical  measure  of  the  ieconomy  of  a 
boiler  in  any  event  embraces  more  than  this,  it 
being  necessary  to  take  into  account  two,   and 
sometimes  all  of  the  following  considerations, 
viz.,   the  amount  of  water  evaporated  into  dry!  / 
steam  of  the  required  pressure,  the  amount  of 
space  occupied  by  the  boiler  and. its  appliances,]  ^ 
the  probable  necessity  of  stopping  for  repairs;  |  3 
and  the  cost,  in  which  is  properly  included  the  /-^ 
expense  of  keeping  in  repair,  renewing,  etc.     As  /  -^^ 
an  instance  of  the  application  of  the  foregoing, 
it  would  be  useless  to  demonstrate  that  a  boiler 
three  times  as  large  would  increase  the  general 
economy  of  the  locomotive  engine,  looked  at  in 
the  light  of  the  fuel   consumed,   because    the 
economy  in  that  case  consists  in  getting  a  large 
amount  of  work  from  a  very  small  boiler. 

The  space  occupied  and  the  steam  generated 
take  precedence,  and  must  be  first  considered. 
On  the  other  hand  it  would  be  an  example  of 
bad  engineering,  under  ordinary  circumstances, 
to  place  for  permanent  stationary  purposes  an 
ordinary  locomotive  boiler,  and  then  by  forced 
draught  and  unceasing  attention  get  the  same 
amount  of  work  from  it  as  in  the  case  of  the 
locomotive  engine.     It  may  thus  be  readily  seen 
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that  boiler  economy  under  difierent  conditions  is 
the  product  of  widely  different  factors.  Theo- 
retically, the  subject  has  been  widely  speculated 
upon.  Practically,  however,  it  is  always  worth 
the  consideration  of  the  party  who  pays  for  the 
coal.  One  pound  of  good  anthracite  coal  has  a 
combustible  eflSciency  of  15,000  heat  units. 
Hence,  if  this  could  all  be  utilized  it  would 
evaporate  under  a  gauge  pressure  of  ^  pounds^  zi^iif^*^ 
and  from  a  temperature  of  60^,  i.^-f-  pounds  of 
water.  The  average  performance  of  boilers  is 
hardly  if  any  more  than  }i  of  this.  A  considera- 
tion of  what  becomes  of  the  unutilized  heat  is 
perhaps  the  best  way  to  determine  how  to  effect 
a  saving.  In  the  first  place,  it  is  not  all  wasted. 
Man  cannot  change  the  laws  of  nature.  At  the 
best  he  can  only  tack  his  little  endeavors  to  these 
laws,  and  get  them  carried  along  as  far  as  possi- 
ble, and  then  submit  to  seeing  them  dropped. 
As  in  the  cylinder  of  an  engine  the  useful  effect 
is  limited  to  a  difference  of  temperature  expressed 
in  a  few  degrees,  so  in  the  boiler,  the  useful 
effect  must  be  obtained  between  the  temperature 
of  the  fire,  which  may  be  termed  the  initial  tem- 
perature, and  that  of  the  escaping  gases,  or  the 
terminal  temperature.  Fortunately,  these  ex- 
tremes— initial  and  terminal  temperatures — may 
be,  and  usually  are,  much  more  widely  sep- 
arated in  the  case  of  the  boiler  than  in  the  cylin- 
der  of  the  engine.     Different   temperatures  in 
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contact  seek  to  equalize  themselves.  If  we 
take  into  consideration  the  inside  of  the  boiler 
where  useful  work  is  being  done,  and  the  out- 
side where  a  contrary  condition  exists,  it  is  evi- 
dent that  however  perfect  our  appliances  for 
utilizing  the  heat,  the  simple  fact  that  we  are 
working  for  a  temperature  higher  than  that 
which  we  are  working  in,  is  proof  that  the  result 
will  not  in  any  event  be  absolutely  perfect. 
This  lack,  however,  is  not  a  loss,  since  it  is 
something  we  never  had  nor  can  have. 

This  consideration  of  the  subject  is  mainly  in- 
teresting as  indicating  the  sources  of  greatest 
loss,  and  hence  the  direction  in  which  to  look 
for  a  saving.  Assuming,  as  we  have  previously 
done,  that  one  pound  of  good  coal  will,  under 
perfect  conditions,  evaporate  13  pounds  of  water,  f., 
how  much  ought  it  to  do  in  practice?  Ordi-  ' 
narily,  and  where  space  has  but  little  to  do  with 
the  subject,  seventy  per  cent,  of  that  amount,  or 
nine  pounds.  Where  the  heat  from  a  high  pres- 
sure engine  is  available,'7this  amount  should  be 
increased  to  not  less  than  ten  pounds.  When- 
ever, then,  less  than  nine  pounds  of  water  with- 
out a  heater,  or  ten  pounds  with  a  heater,  are 
evaporated  with  one  pound  of  good  coal,  and 
under  a  gauge  pressure  of  75  pounds,  it  is  safe  to 
assume  that  better  results  may  be  obtained. 
But  if  nine  pounds  ought  to  be  realized,  and  no 
more  (at  an  average)  than  6^  pounds  are  real- 
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ized,  what  has  become  of  the  heat  represented  by 
this  difference?  The  heat  amounts  to  28  per 
cent,  of  all  the  fuel  burned,  or  the  consumption 
of  forty  per  cent,  more  coal  than  is  necessary. 
It  has  been  lost  mainly  in  radiation  from  the 
outside  of  the  boiler  or  brick  work,  and  passed 
off  with  the  products  of  combustion.  It  repre- 
sents a  total  loss,  because  the  possibility  of  sav- 
ing it  exists.  Regarding  the  first  mentioned 
source  of  loss,  external  radiation,  the  remedy  is 
obvious — more  careful  attention  to  outside  protec- 
tion. Regarding  the  second  source,  the  escape  of 
heat  past  the  heating  surfaces  of  the  boiler,  more 
attention  may  be  necessary  to  make  plain  the 
causes  of  the  loss  occurring  here. 

The  horse-power  of  a  boiler  is,  unfortunately, 
an  almost  meaningless  expression.  If  we  as- 
sume it  to  be  the  evaporacion  of  30  lbs.  of  water 
at  a  pressure  of  75  lbs.  (per  gauge),  it  may  be 
undoubtedly  done  on  the  more  usual  allowance 
of  15  square  feet  of  properly  proportioned  heat- 
ing surface.  Assuming  that  15  feet  may  be 
sufficient,  it  does  not  follow  that  because  a 
certain  boiler  has  fifty  times  15  feet  of  heating 
surface  it  is  a  fifty  horse-power  boiler,  any  more 
than  it  does  that  a  definite  cylinder  capacity 
makes  a  certain  horse-power  engine  without 
reference  to  piston  speed,  steam  pressure,  or, 
whether  the  construction  is  such  as  to  allow  a 
proper  use  to  be  made  of  its  capacity. 
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Again,  assuming  the  15  feet  of  heating  surface 
to  be  ample  when  the  boiler  is  new  and  clean  in 
all  its  parts,  we  have  yet  to  meet  the  condition 
of  its  becoming  old,  and  its  efEciency  impaired 
by  the  formation  of  scale.  It  has  been  demon- 
strated that  this  may  result  in  loss  of  efficiency 
anywhere  to  the  extent  of  50  per  cent.,  accord- 
ing to  the  nature  and  thickness  of  the  deposit* 
It  is  useless  to  say  that  scale  should  not  be 
allowed  to  form  in  a  boiler,  because  it  does  in 
spite  of  all  known  precautions.  This  may  not 
always  mean  the  impairment  of  economy  to 
that  extent,  but  it  may  mean  its  impairment  in 
even  a  greater  ratio.  The  presence  of  scale  on 
the  heating  surfaces  of  a  boiler  does  not  imply 
that  the  heat  will  not  penetrate  it,  and  so  become 
absorbed  by  the  water  in  contact,  but  it  will  not 
penetrate  near  so  readily  as  it  would  the  iron 
alone;  hence  in  effect  it  has  lessened  the  heating 
surface,  since  the  effective  heating  surface  should 
be  measured  from  a  consideration  of  its  quantity 
and  quality. 

If  the  economy  is  to  be  preserved  the  work 
done  must  be  diminished,  when  by  keeping  the 
heat  longer  in  contact  with  the  heating  surfaces 
more  time  is  allowed  it  in  which  to  pass  through 
them.  The  reverse  of  this  is  what  is  usually 
done;  that  is,  the  boiler  is  kept  up  to  its  work  by 
forcing  a  greater  quantity  of  heat  and,  of  course^ 
at  an  increased  velocity,  by  the  heating  surfaces, 
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and  the  result  is  the  escape  of  a  larger  percent- 
age into  the  chimney.  But  this  is  not  all  nor 
perhaps  the  worst  of  it.  The  heating  surface  to 
be  effective  must  have  water  in  contact  with  it 
The  pepper  box,  or  as  many  tubes  as  you  can 
get  in  style  of  construction,  has  the  serious  fault 
of  not  having  sufficient  room  for  the  escape  of 
steam  and  the  circulation  of  water.  This  defect 
is  further  aggravated  by  filling  up  a  portion  of 
the  scanty  room  by  a  rough,  uneven  deposit, 
over  and  through  which  the  steam  and  water  are 
hindered  from  passing;  so  that  instead  of  having 
water  (which  absorbs  heat  with  remarkable 
rapidity)  at  all  times  in  contact  with  the  metal, 
or  at  least  with  the  scale  with  which  it  is  cov- 
ered, the  place  of  the  water  is  partially  occupied 
by  steam  which  absorbs  heat  much  less  readily. 
Any  one  who  has  seen  this  class  of  boilers 
*' raise  "  the  water  6"  when  working  over  a  hot 
fire,  often  to  such  an  extent  that  it  becomes  ab- 
solutely necessary  to  open  the  fire-door  for  safety, 
will  have  no  difficulty  in  believing  that  the  space 
which  ought  to  be  occupied  by  water  frequently 
has  very  little  water  in  it.  Thus  the  efficiency 
of  the  boiler  has  been  curtailed  by  providing  a 
slower  conductor  of  heat,  and,  at  the  same  time 
providing  a  power  absorber.  If  to  this  con- 
dition is  added  what  is  almost  universally  the 
fact,  viz.,  that  the  boiler,  scarcely  large  enough 
when  new,  has  had  additional  demands  made 
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upon  it  from  time  to  time,  we  shall  see  one 
cause  for  the  low  evaporative  duty  of  a  great 
many  boilers,  and  perhaps  one  serious  cause  for 
accidents  as  well.  Since  the  boiler  will  be  new 
but  once  while  it  will  be  old  as  long  as  it  lasts, 
it  should  be  calculated  for  good  duty  when  from 
the  causes  named  it  shall  become  less  eflfective. 
The  result  will  be  increased  economy  in  the  con- 
sumption of  coal  in  the  beginning,  gradually 
subsiding  to  good  standard  economy,  and  an  in- 
creased economy  in  the  way  of  repairs  which 
will  much  more  than  overbalance  the  increased 
first  cost 

As  to  the  kind  of  boiler,  almost  any  will  give  C^...      / 
od  results  which  has  sufficient  run  to  allow  i  l^-     i  '^ 

mitted.  Upon  general  principles,  that  boiler  )  '  '''^('- 
will  show  the  best  results  which  presents  the  ' 
greatest  amount  of  efficient  heating  surface,  with 
the  least  amount  of  external  radiating  surface. 
.  This  statement,  however,  must  only  be  taken 
in  a  general  way.  A  great  many  patent  boilers 
are  devised,  evidently  with  this  object  in  view, 
but  at  least  nine-tenths  of  them  make  better 
failures  than  anything  else.  The  locomotive 
boiler,  as  used  in  locomotive  practive,  is  econo- 
mical only  so  far  as  space  occupied  is  concerned, 
because  it  is  used  beyond  its  normal  capacity. 
The  same  type  of  boiler,  used  for  stationary  pur- 
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all  times  in  position  to  absorb  the  heat  trans-   '     ■'        '^^' 
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poses,  at  a  moderate  rate  of  combustion,  say 
from  seven  to  eight  pounds  of  coal  per  hour  on 
each  foot  of  grate  surface,  and  with  the  connec- 
tion with  the  up-take  below  the  tube  sheet, 
gives  results  hard  to  beat.  Of  course,  the  ex- 
posed surface  should  be  thoroughly  clothed  to 
prevent  radiation.  Objection  is  sometimes  made 
that  this  boiler  requires  closer  attention  as  to 
water  than  some  others,  but  this  is  hardly  worth 
considering  in  the  light  of  an  objection.  Neither 
are  they  particularly  liable  (as  is  often  asserted) 
to  failure  in  their  fire  boxes  when  properly  con- 
structed. With  extremely  bad  water  or  very 
poor  coal,  their  use  is  not  commendable.  Their 
first  cost  is  not  much  more  than  the  return  tubu- 
lar (including  brick  work),  while  the  cost  of 
maintenance  is  about  the  same. 

The  greater  loss  of  heat  in  radiation  from 
masonry  will  generally  render  the  return  tubu- 
lar scarcely  as  economical  as  the  locomotive 
boiler,  but  the  greater  simplicity  of  the  former 
will,  perhap3,  generally  overbalance  this  loss. 
In  extreme  cases  of  bad  water,  or  in  out-of-the- 
way  places,  in  the  event  of  repairs  being  neces- 
sary, the  single,  or  two-flue  boiler,  or  even  the 
plain  shell  with  no  flues,  will  be  used;  not  with 
the  expectation,  however,  of  obtaining  high 
economic  results.  Whenever,  as  in  the  majority 
of  instances,  the  economy  consists  in  evaporat- 
ing the  greatest  amount  of  water  with  the  least 


^ 


BOII.ER  ECONOMY-  QS     ^ 

amount  of  coal,  the  result  will  be  reached  by    ^^^^  r 
providing  large  (long)  heating  surface,  slow  com-      ^/    m^ 
bustion,  and  ample  room  for  the  escape  of  steam      f 
and  the  circulation  of  water.     Undoubtedly,  this 
means  increased  first  cost,  and  if  it  cannot  be 
shown  to  pay,  is  not  worth  considerations.     For- 
tunately, the  means  employed  to  insure  economy 
in  the  use  of  coal  are  the  very  means  that  should 
be  employed  to  bring  about  the  same  result  in 
regard  to  repairs,  safety,  and  renewing. 
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CHAPTER  V. 

ECONOMY  IN  THE  USE  OF  STEAM. 

Economy  in  the  use  of  steam  requires  that  it 
shall  be  admitted  to  the  cylinder  at  or  near  the 
beginning  of  the  stroke  of  the  piston,  at  a  pressure 
not  much  below  that  in  the  boiler;  that  this 
pressure  shall  be  maintained  practically  constant 
for  a  portion  of  the  stroke,  and  that  then  the 
supply  shall  be  cut  off  quickly,  the  remaining 
portion  of  the  stroke  being  completed  under  the 
expansion  of  steam  in  the  cylinder.  Under  these 
conditions  the  pressure  of  steam  in  the  cylinder 
will  be  so  far  reduced  at  the  conclusion  of  the 
stroke  that  little  or  no  more  useful  work  can  be 
performed  by  it. 

Then  this  steam  must  be  exhausted  so  freely 
that  back  pressure  in  the  cylinder  will  be  reduced 
to  a  minimum. 

Whatever  tends  to  prevent  in  any  degree  the 
attainment  of  these  ends,  to  that  extent  reduces 
the  gain  otherwise  attainable  by  working  steam 
expansively,  and  brings  about  an  important  loss 
due  to  the  effort  required  to  expel  the  steam  from 
the  cylinder  after  it  has  done  its  work. 

To  secure  these  ends,  which  underlie  economy 
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in  the  use  of  steam  in  the  steam-engine,  it  is  ^_ 
imperative  that  the  ports  shall  be  of  suitable 
size;  that  the  steam  port  shall  be  quickly  opened  / 
for  the  admission  of  steam ;  that  ample  opening 
shall  be  maintained  up  to  the  point  of  cut  off, 
and  that  then  (the  piston  being  in  rapid  motion) 
the  port  shall  be  so  nearly  instantaneously  closed 
as  practically  to  avoid  what  is  technically  termed 
wire-drawing  at  cut  off. 

It  is  also  equally  important  that  the  exhaust 
valve  shall  open  a  free  passage  for  the  escape  of 
the  steam  just  previous  to  the  termination  of  the 
stroke;  that  this  amplitude  of  opening  shall  be 
maintained  until  near  the  termination  of  the  re- 
turn stroke,  and  that  then  the  exhaust  closure 
shall  be  reasonably  rapid,  securing  the  advan- 
tages due  to  compressing  the  imprisoned  steam. 

The  important  ends  of  rapid  valve  opening  and 
closure,  and  the  maintenance  of  ample  effective 
port  area,  are  accomplished  by  the  wrist  plate 
motion  peculiar  to  the  Corliss  valve-gear,  and  by 
the  form  of  valve  employed  in  a  way  seldom  suc- 
cessfully accomplished  by  other  means;  the  loca- 
tion and  construction  of  the  valves  is  such  that 
there  is  no  difficulty  in  securing  the  long  and 
large  ports,  which  are  essential. 

At  the  same  time,  clearance — a  necessary  evil, 
always  representing  loss — is  reduced  to  a  mini- 
mum.    Numerous   attempts  have   been    made, 
some  of  them  very  ingeneous,  to  devise  a  valve- 
9 


98  STBAM  BNGINEERINa 

gear  that  should  perform  its  functions  as  well  as 
this,  but  they  have  generally  failed.  For 
reasons,  amongst  others  that  have  been  previ- 
ously named,  the  Corliss  type  of  engine  has  for 
a  quarter  of  a  century  been  used  for  illustrating 
economy  in  the  use  of  steam. 

BAI.ANCED  VAI.VES. 

The  attempt  to  construct  a  balanced  steam- 
valve  that  should  not  waste  steam  by  leakage,  or 
be  otherwise  unsatisfactory,  has  nearly  always 
failed. 

But  in  many  instances  the  use  of  such  a  valve, 
with  its  parts  and  pieces  subject  to  derangement, 
is  a  necessity,  and  its  objectionable  features  must 
be  taken  as  a  matter  of  course.  This  is  the  case 
when  the  governor,  in  its  efforts  to  control  the 
speed,  must  move  a  heavy  valve:  It  is  also  gen- 
erally true  in  the  instance  of  separate  expansion 
valves  working  on  the  back  of  a  main  slide,  be- 
cause otherwise  the  pressure  will  be  so  excessive 
as  to  rapidly  destroy  the  valve  and  seat,  to  say 
nothing  of  severely  taxing  the  parts  through 
which  motion  is  transmitted  to  the  valve.  No 
such  necessity  exists  in  the  use  of  the  Corliss  type 
of  valve.  The  ease  with  which  these  valves 
work  may  be  demonstrated  by  observing  how 
readily  they  are  moved  by  hand  while  under 
full  steam  pressure. 
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/  /  The  steam-engine  governor  is  extremely  sen- 

sitive to  the  effect  of  irregular  resistance,   or 
''       work,  and  when  this  is  exacted  of  it,  it  must  be 
at  the  expense  of  good  regulation. 

The  duty  of  the  governor  should  be  to  indi- 
cate the  point  of  cut-off,  not  to  accomplish  the 
♦'-'  1^    t>-    \work  of  cutting  off. 

/^  FOUNDATION. 

It  is  essential  that  a  steam-engine  be  placed 
upon  a  solid,  unyielding  foundation. 

It  is  unwise  to  pay  for  a  good  machine  and 
then  set  it  upon  a  foundation  that  will  yield  to 
the  weight  and  working  strains  in  such  a  way  as 
to  throw  the  parts  out  of  line,  bringing  about  in- 
jurious wear  and  derangement.  Large  cut 
stones  make  the  most  solid  foundation,  but  these 
are  costly;  hard-burnt  brick  make  an  excellent 
substitute. 

These  should  be  laid  in  cement,  with  their 
joints. 

No  stones  are  required  except  the  cope-stones, 
which  should  be  cemented  to  the  brick-work. 
This  is  assuming  that  the  bottom  rests  on  solid 
ground. 

If  this  is  not  reached  at  the  depth  indicated, 
the  excavation  should  be  deeper,  the  bottom 
rammed  hard  and  filled  up  to  the  point  at  which 
the  foundation  proper  is  to  begin  with  rough 
stones  laid  in  cement.     The  foundation  should 
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be  completed  at  least  fifteen  days  before  tlie  en- 
^ne  is  placed  oti  it,  by  which  time,  if  properly 
laid,  the  brick-work  will  be  practically  one 
mass. 

CONDENSING  ENGINES. 

When  there  is  a  supply  of  water  without  cost, 
a  condensing  engine  will,  under  favorable  condi- 
tions, be  more  economical  than  one  wodcing  non- 
condensing.  If  city  water  must  be  paid  for,  it 
is  generally  advisable  to  run  non-condensing. 

To  get  the  advantages  of  a  condenser,  the 
engine  should  be  well  loaded.  The  saving  in  fuel 
should  not  be  less  than  twenty  per  cent. 

If  it  is  necessary  to  run  with  low  steam  pres- 
sure, a  condenser  will  be  found  especially  advan- 
tageous. 

The  amount  of  condensing  water  required  will  1/ ^  r^ 
depend  upon   its  temperature  and   upon  other  n 
conditions,    about    seventy    gallons    per    horse      ^^'' 
power  per  hour  being  a  fair  average. 

For  large  power  the  compound  engine  is  un- 
questionably the  most  economical  in  the  use  of 
steam,  and  since  the  principles  involved  in  its 
operation  have  come  to  be  better  nnderstood,  and 
approved  construction  therewith  adopted,  it  has 
correspondingly  grown  in  public  favor. 

As  is  well  known,  there  is  a  comparatively 
early  limit  to  expansion  in  a  single  cylinder, 
owing  to  the  fact  that  condensation  and  subse- 
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quent  reevaporation  will  by  robbing  the  cylinder 
of  heat,  more  than  offset  the  gain  from  in- 
creased expansion  if  carried  beyond  this  limit 

The  extent  of  condensation  in  a  given  cylinder, 
under  given  conditions,  otherwise,  is  mainly 
controlled  by  the  variation  in  temperature,  as 
between  that  of  the  steam  as  it  enters  the  cylin- 
der from  the  boiler  on  one  hand,  and  the  tem- 
peratures'during  and  at  the  end  of  expansion 
and  during  exhaust  on  the  other. 

In  a  single  engine  (so  called  to  distinguish  it 
from  the  compound)  this  difference  will  all  occur 
in  one  cylinder,  and  when  high  rates  of  expan- 
sion are  employed,  the  steam  condensed  is  often 
in  excess  of  that  usefully  employed.  In  a  com- 
pound engine  these  unavoidable  extremes  of 
temperature  are  divided  between  two  cylinders 
in  such  a  way  as  to  greatly  modify  the  effect. 

This  permits  expansion  to  be  carried  to  an 
extent  in  a  compound  engine  that  would  never 
seriously  be  thought  of  in  the  instance  of  a  sim- 
ple engine,  eflfecting  a  very  material  saving  in 

fuel. 

The  compound  engine  has  also  some  other 

advantages  over  the  single  engine,  such  as  a 

better  distribution  of  strains  and  a  more  uniform 

rotative  effect  on  the  crank-pin,  and  hence  on  the 

shaft. 

For  a  given  power  the  first  cost  of  a  compound 

engine  exceeds,  of  course,  that  of  a  single  engine; 
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but  this  is  partially  balanced  by  the  saving  in 
boiler  capacity,  and  is  very  soon  saved  in  econ- 
omy of  fuel. 

There  are  different  plans  of  compounding,  one 
of  which  is  to  use,  in  effect,  two  engines  con- 
nected to  cranks  on  the  ends  of  the  shaft. 

This  has  the  advantage  of  occupying  but  little 
space  compared  with  the  two  engines  side  by 
side,  and  does  not  present  so  many  moving  parts 
to  be  cared  for. 

It  also  has  the  advantage  due  to  the  cylinders 
being  placed  close  together,  so  that  the  certain 
loss  due  to  passing  the  steam  a  considerable  dis- 
tance, from  the  high  to-  the  low  pressure  cylin- 
der, is  avoided. 

This  last  consideration  should  always  exert 
due  influence  when  arranging  to  use  a  com- 
pound engine. 

In  the  gear  ordinarily  employed  with  the 
Corliss  engine,  the  construction  is  such  as  to 
lead  to  some  inconvenience  and  annoyance  from 
the  parts  wearing  loose  and  becoming  shaky. 

The  effect  of  the  action  of  the  releasing  gear 
is  also  to  slightly  disturb  the  governor;  the  latter 
is  the  more  serious  fault,  because  its  tendency  is 
to  impair  the  regulation,  preventing  its  being 
brought  to  that  degree  of  perfection  which  is 
desirable. 
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CALCULATION  OP  WORK  DONE   IN  A  COM 
POUND  ENGINE. 

In  the  working  of  a  compound  engine,  where 
the  small  cylinder  exhausts  into  the  large  one, 
the  work  done  in  a  stroke  depends  on  the  size  of 
the  large  cylinder,  and  is  the  same  as  that  which 
would  be  performed  in  a  single  cylinder  of  the 
same  content,  by  expanding  to  the  same  extent 
from  a  like  initial  pressure. 

This  proposition  is  easily  proved,  and  any  one 
may  satisfy  himself  that  it  is  approximately  tnie 
by  examining  a  well-formed  indicator  diagram 
as  taken  from  a  compound  engine. 


Referring  to  Fig,  15,  which  is  from  an  engine 
having  a  high-pressure  cylinder  18  inches  in 
diameter,  "with  a  6  feet  stroke,  and  a  low-pressure 
cylinder  of  36  inches  in  diameter,  with  a  stroke 
also  of  6  feet,  the  number  of  revolutions  being 
34  per  minute. 
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der  to  the  other,  as  there  should  be  the  slope  of 
an  expansion  curve  throughout.     But  any  devia- 


Fig.  16. 

tion  from  theoretical  proportions  does  not  affect 
the  general  inference  to  be  drawn  from  the  two 
diagrams  when  viewed  together,  and  we  see  that 
the  expansion  which  has  occurred  in  the  high- 
pressure  cylinder  might  very  well  have  taken 
place  in  the  low-pressure  cylinder,  as  something 
which  preceded  the  actual  expansion  therein. 

ENGINES  WITH  CRANKS  AT  RIGHT  ANGLES. 

For  many  purposes  it  is  enough  to  have  an 
engine  with  a  single  steam  cylinder,  or  an  equi- 
valent engine,  with  a  pair  of  cylinders  acting  as 
one  only,  but  on  the  other  hand,  there  are 
numerous  instances  where  two  engines  should  be 
placed  side  by  side  and  work  cranks  at  right 
angles  to  each  other. 

This  is  particularly  the  case  in  applying  steam- 
power  to  flour  mills  or  to  cotton  mills,  where  it 
is  of  consequence  to  preserve  the  rotative  pres- 
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sure  on  the  crank  as  nearly  uniform  as  possible, 
and  to  maintain  a  smooth  and  even  motion,  or 
again  in  marine  engines,  for  convenience  of 
starting  in  any  position,  the  same  rule  would 
hold;  and  before  proceeding  further  it  may  be 
useful  to  point  out  the  reason  for  the  greater 
uniformity  of  rotative  pressure  which  is  a  conse- 
quence of  working  with  a  pair  of  cranks  at  right 
angles. 

That  the  variations  of  tangential  pressure  on 
the  crank  of  a  direct-acting  engine  are  repre- 
sented by  the  vertical  lines  on  a  diagram  similar 
to  that  shown  by  the  dotted  curved/*  in  Fig.  17. 


Fig.  17. 

Putting  a  series  of  such  curves  end  to  end, 
we  obtain  a  graphical  indication  of  the  fluctua- 
tions-of  tangential  pressure  during  the  working 
of  an  engine  with  one  cylinder. 

The  force  is  zero  at  dead  point,  and  rises  to 
fe^  its  greatest  value,  after  which  it  sinks  again 
to  zero. 

But  if  there  be  a  pair  of  cranks  at  right  angles, 
a  second  series  of  diagrams  of  rotative  pressures 
must  be  superposed  upon  the  first  series,  as  shown 


I08  STBAM  ENGINEERING. 

by  the  second  set  of  dotted  curves,  whereof  one 
portion  is  marked  b  e^  and  the  final  result  is 
exhibited  by  the  upper  line,  not  dotted,  which 
is  obtained  by  adding  together  the  pairs  of  ordi- 
uates  at  each  point.     For  example  : 

N  M+M  R=^M  S. 
A  BH-A  B=A  C. 
E  F4-0=^E  F. 

The  greater  uniformity  of  rotative  force  is 
apparent,  and  it  would  be  improved  by  cutting 
off  at  half  stroke  in  each  cylinder,  for  then  the 
curve  b  e  would  be  hollowed  out  and  reduced, 
while  the  part  iy  would  be  unaffected,  and  the 
upper  resultant  wavy  line  would  become  more 
nearly  horizontal. 

By  proceeding  in  this  manner  it  is  easy  to  set 
out  a  diagram  of  the  rotative  pressure  upon  the 
cranks  of  any  pair  of  engines  working  under 
given  conditions. 

In  applying  these  principles  to  direct-acting 
engines,  where  two  cranks  at  right  angles  are  to 
be  connected  with  the  cylinders,  there  are  diflfer- 
ent  methods  for  adoption,  each  of  which  has  its 
advocates.  One  plan  very  commonly  met  with 
has  been  to  place  the  high  and  low  pressure 
cylinders  in  pairs,  with  their  axes  in  the  same 
straight  line,  so  that  one  piston  rod  serves  for 
both.  Thus,  in  marine  engines,  with  the  cylin- 
ders vertical,  there  may  be — 

(i)  The  high-pressure  cylinder  above  the  low- 
pressure  cylinder. 
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•  (2)  The  low-pressure  cylinder  at  the  top. 

(3)  The  low-pressure  cylinder  encasing  the 
high-pressure  cylinder. 

But  in  each  of  these  cases,  as  also  in  compound 
horizontal  engines,  it  is  usual  to  confine  the  ex- 
pansion to  one  pair  of  cylinders. 

THE  USE  OP  AN  INTERMEDIATE  RECEIVER. 

In  another  class  of  compound  engines  there 
are  two  cranks  at  right  angles,  but  only  one 
cylinder  connected  with  each  crank. 

Here  each  cylinder  forms,  as  it  were,  an 
engine  complete  in  itself;  the  cylinders  (called 
A  and  B,  as  before)  are  placed  side  by  side,  and 
are  of  equal  length,  and  the  point  to  be  noticed 
is,  that  the  pistons  in  A  and  B  no  longer  move 
together,  but  that  one  leads  the  other  by  half  a 
stroke. 

It  is  clear  that  the  mode  of  exhausting  at 
once  from  A  into  B  is  no  longer  applicable,  and 
that  some  special  method  of  distributing  the 
steam,  diflFerent  from  anything  that  we  have  yet 
seen,  must  be  arranged. 

The  difficulty  arises  from  the  fact  that  the 

directions  of  motion  of  the  pistons  cross  each 

other,  whereby,  for  example,  when  the  piston  in 

A  is  at  the  end  of  its  stroke  and  about  to  ascend, 

that  in  B  is  in  its  middle  position  and  is  desend- 

ing. 

In  order  to  get  over  this  obstacle,  Mr.  Cowper 
10 
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has  proposed  to  place  an  intermediate  receiver 
between  the  cylinders  A  and  B^  which  shall  act 
as  an  exhaust  reservoir  for  the  steam  coining 
from  A^  and  as  a  boiler  for  the  steam  going  into 
B*  It  appears  that  engines  with  a  receiver  have 
worked  well  in  practice,  but  it  seems  difficult  to 
justify  the  use  of  this  arrangement  by  a  strict 
reference  to  the  principle  of  the  theory  of  heat. 

A  general  idea  of  the  arrangement  of  the  en- 
gine proposed  by  Mr.  Cowper  may  be  gathered 
from  the  Fig.  i8,  where  the  cylinders  A  and  B 


Fig.  18. 

are  placed  side  by  side,  and  the  high-pressure 
cylinder  A  is  enveloped  in  a  steam  receiver  or 
reservoir,  marked  C,  the  content  of  which  is 
perhaps  three  times  that  of  A, 

In  a  working  engine  on  this  plan,  steam  (say 
at  70  lbs  pressure)  would  enter  A  and  be  cut  off 
at  half-stroke;  it  would  thus  expand  and  finally 
exhaust  itself  into  the  receiver,  where  the  pres- 
sure would  vary  from,  say,  10  lbs.  to  14  lbs. 

The  receiver  would  supply  steam  for  the  low- 
pressure  cylinder  B^  just  as  if  it  were  the  boiler 
of  an  ordinary  engine,  and  the  pressure  of  the 
steam  in    C  would  fall  to  10  lbs.   when    the 
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demand  upon  it  was  made,  but  would  rise  to  14 
lbs.  when  fresh  steam  entered  it  from  A,  The 
temperature  of  the  steam  in  the  jacket  surround- 
ing A  is  therefore  much  below  that  of  the  en- 
tering steam,  which  is  so  far  a  departure  from 
the  old  practice. 


CHAPTER  VI. 

SLIDE  VALVES. 

This  is  a  branch  of  the  subject  deserving  the 
special  attention  of  the  engineer. 

Its  importance  in  regard  to  the  economical 
working  of  the  steam  engine  cannot  be  over- 
estimated. 

The  slide  valve  ordinarily  used  in  high-pres- 
sure engines,  and  the  manner  of  its  operation,  are 
well  known  to  nearly  every  practical  mechanic 
and  engineer.  It  will  be  remembered  that  the 
operations  of  admitting  the  fresh  steam,  and  re- 
leasing, the  waste  steam,  are  alternately  per- 
formed by  the  same  valve  and  the  same  motion. 

The  valve  being  made  to  slide  backwards  and 
forwards  upon  the  face  of  the  ports,  opens  and 
closes  the  several  passages  in  their  turn. 

The  two  extreme  ones,  called  the  steam  ports, 
communicate  with  each  end  of  the  cylinder. 

The  middle  one  is  called  the  exhaust  port,  and 
its  corresponding  passage  terminates  in  a  pipe 
open  to  the  atmosphere. 

Steam  is  admitted  freely  into  the  steam  chest 
from  the  boiler,  and  the  valve  is  made  of  sufficient 
length  to  cover  all  the  ports,  when  it  is  placed  in 
the  centre  of  the  stroke. 
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When  it  is  in  this  position  no  steam  can  enter 
the  cylinder,  but  as  the  valve  moves  on  one  of 
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The  perfection  of  a  steam  valve,  other  things 
being  equal,  consists  in  the  degree  of  nicety 
with  which  its  motion  is  timed  relatively  to  the 
motion  of  the  piston. 

The  functions  of  the  piston  are  absolutely  de- 
pendent upon  the  proper  timing  of  the  admission 
and  release  of  the  steam.  A  very  slight  and  ap- 
parently trifling  error  in  the  adjustment  produces 
a  most  serious  effect  upon  the  consumption  of 
fuel.  If  from  any  cause  the  valve  should  open 
to  admit  steam  for  a  fresh  stroke  before  the  pre- 
ceeding  stroke  is  finished,  it  opens  foo  soon,  and 
an  unnecessary  resistance  to  the  piston  is  pro- 
duced. 

If  on  the  other  hand,  the  valve  should  delay 
its  opening  until  the  piston  had  begun  its  re- 
turn, it  opens  too  late,  because  thus  the  steam 
has  to  fill  uselessly  the  space  left  vacant,  and 
hence  a  waste  of  steam,  and  a  loss  of  power. 

As  far  then  as  the  admission  of  steam  is  con- 
cerned, it  is  a  necessary  condition  that  the 
steam  ports  should  open  neither  before  nor  after, 
but  at  the  precise  moment  when  the  stroke  com- 
mences. Some  engineers  recommend  giving  the 
valve  *Mead"  as  it  is  termed,  that  is  to  say,  set- 
ting it  so  as  to  open  a  little  before  the  end  of 
the  stroke,  but  it  is  an  open  question  whether 
the  slightest  advantage  is  gained  by  so  doing  to 
a  greater  extent  than  is  necessary  to  compensate 
for  any  slackness  or  lost  motion  in  the  valve 


SLIDE  VALVEa 


Il6  STKAM  ENOINEERJNO. 

the  one  which  delayed  for  years  the  saving.  Gf« 
fuel  which  has  since  been  eflFected. 

SuflScient  attention  was  not  bestowed  upon 
what  was  going  on  in  the  cylinder,  or  upon  the 
facts  which  might  have  indicated  them;  to  fiU 
and  empty  a  cylinder  full  of  steam  are  operations 
requiring  Itme. 

The  time  required  for  filling  the  cylinder  with, 
steam  necessarily  corresponds  with  the  duration 
of  the  stroke,  whatever  its  duration  may  be.- 
But  this  cannot  be  the  case  as  regards  the  sec* 
ond  operation — emptying  of  the  cylinder. 

This  ought  to  be  performed  in  an  instant^  or 
otherwise  the  steam  continues  pent  up  when  it 
ought  to  be  liberated,  when  it  ought  to  assume 
its  minimum  pressure — the  pressure  of  the  at- 
mosphere— and  exerts  an  injurious  counter-pres- 
sure against  the  piston,  tending  to  increase  the 
resistance  to  be  overcome.  To  eflfect  the  free 
and  rapid  discharge  it  is  necessary  not  merely 
to  open  the  communication  to  the  exhaust  pipe, 
but  to  open  a  wide  passage  and  to  have  this  done 
by  the  time  the  piston  commences  the  return 
stroke. 

The  valve  alluded  to  cannot  accomplish  this, 
its  motion  being  gradual,  not  instantaneous,  as 
it  should  be. 

The  passage  only  begins  to  open  when  the 
piston  is  in  turn,  and  it  is  not  wide  open  until 
the  piston  has  travelled  through  one-tenth  of  its 
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entire  stroke.     The  steam  in  the  cylinder  is  re- 
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valve  on  the  ports  so  as  to  allow  the  exhaust 
passage  to  be  three-eighths  of  an  inch  open,  the 
steam  port  at  the  same  time  to  be  one-quarter  of 
an  inch  open.  This  space,  therefore,  was  closed 
by  adding  to  the  length  of  the  valve  at  each  end 
one-quarter  of  an  inch. 

The  eccentric  was,  of  course,  shifted  on  the 
shaft  to  correspond  with  the  alteration,  and  the 
engine  with  the  altered  valve  (see  Fig.  20)  again 
set  to  work. 


It  is  almost  useless  to  say  the  saving  of  fuel 
was  very  great.  The  amount  by  which  the  valve 
at  each  end  overlaps  the  steam  ports  (see  Fig.  20) 
when  placed  exactly  over  them  is  technically 
termed  the  '*lap."  The  lap  of  the  valve  being 
three-eighths  of  an  inch,  the  exhaust  passage  was 
about  three-eighths  of  an  inch  open  when  the 
stroke  was  finished. 

LAP. 

The  importance  of  putting  lap  upon  a  slide 
valve  will  be  better  understood  by  noting  what 
would  happen  without  it. 

if  there  were  no  lap  the  opening  for  steam 
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would  be  represented  hy  O  D  (see  Pig.  21),  and 
the  result  would  be  that  the  steam  port  could 
only  be  perfectly  closed  at  the  precise  instant 
when  the  valve  was  in  the  middle  of  its  stroke, 
and  moving  rapidly.  From  what  has  been  said 
it  is  apparent  that  a  valve  of  this  kind  (one  with- 
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Fig.  21. 

DUt  lap)  is  unsuitable  for  an  engine,  the  better 
plan  being  that  the  steam  should  be  compressed 
or  cushioned  on  one  side  of  the  piston,  so  as  to 
assist  in  bringing  it  to  a  state  of  rest,  and  that 
the  driving  pressure  on  the  opposite  side  should 
be  relieved  by  opening  a  passage  to  the  exhaust 
or  releasing  the  steam  just  before  the  stroke  ter- 
minates* 

This    prevents   the  violent   jerk    and   strain 
which  would  come  upon  the  crank-pin  if  the 
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steam  were  thrown  with  full  force  upon  the 
piston  when  the  crank  is  on  the  centre.  The 
value  of  an  indicator  diagram  in  interpreting 
the  action  of  a  slide  valve  can  now  be  made  clear. 

Referring  to  Fig.  21  it  will  be  noticed  that  the 
moving  parts  are  attached  to  a  board  carrying  a 
sheet  of  paper  on  which  the  circles  describing 
the  centres  of  the  crank-pin  and  centre  of  eccen- 
tric are  recorded,  and  below  this  is  a  space  for 
tracing  the  indicator  diagram. 

The  crank  and  connecting  rod  which  actuate 
the  piston  are  at  the  back,  but  an  index  arm  O 
H  is  placed  in  front,  and  moves  with  the  crank, 
thereby  transferring  its  apparent  motion  to  the 
part  where  it  can  be  seen.  The  eccentric  is  re- 
presented by  an  actual  crank,  O  P,  whose  ex- 
treme end  describes  the  smaller  circle,  and  the 
rod  P  L  carries  on  the  motion  of  the  valve. 

The  point  P  can  be  shifted  along  the  arm  O 
7|  thereby  varying  the  amount  of  travel  of  the 
slide,  and  the  length  of  the  rod  P  L  can  also  be 
adjusted.  In  this  way  the  effect  produced  by  any 
deviation  from  the  proper  length  of  the  eccentric 
rod  can  be  studied.  We  are  now  prepared  to 
trace  out  the  diagram  as  given  by  an  indicator. 

The  crank  being  horizontal  with  the  piston 
at  the  end  of  its  stroke,  the  first  thing  to  be  done 
is  to  place  the  valve  in  the  correct  position  for 
admitting  steam,  by  setting  back  O  P  until  the 
lap  is  allowed  for. 
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The  valve  then  opens,  and  if-,the;  pressure  of 
the  steam  be  sufficiently  maintained  the  indicator 
pencil  will  trace  the  line  A  B. 

When  the  crank  gets  to  the  end  of  the  first 
dotted  line,  A  is  closed,  expansion  begins,  the 
pressure  falls,  and  we  have  the  expansion  B  C 

At  the  point  marked  '* release"  the  valve  is 
moved  so  far  to  the  left  as  to  open  a  passage 
from  A  to  C,  and  the  release  of  the  steam  (ex- 
haust) begins.  The  pressure  falls  from  Cto  jp, 
and  continues  very  low  till  the  point  marked 
*' compression"  is  reached,  when  ^closes,  and 
the  steam  in  the  corresponding  end  of  the  cylin- 
der is  '*  cushioned"  so  as  to  increase  its  pressure, 
the  pencil  rising  from  M  to  A  when  the  double 
stroke  has  been  completed.  The  object  and  effect 
of  putting  'Map"  upon  a  valve  are  twofold: 

1st,  to  give  a  free  release  to  the  exhaust  steam, 
and  2d,  to  produce  a  fixed  amount  of  expansion. 

The  *4ead,"  of  which  mention  has  been  made, 
is  outside  lead,  that  is,  it  relates  to  the  admission 
of  the  steam;  but  of  course,  *'lead"  can  be 
given  to  the  exhaust  side  of  the  valve,  in  which 
case  it  is  called  inside  lead. 

The  four  principal  points  in  the  valve  motion 
are:  ist,  the  admission  of  the  steam;  ad,  the  cut- 
off; 3d,  the  release  or  exhaust;  and,  4th,  the 
compression  or  cushioning  of  the  steam  behind 

the  piston. 
II 
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PROPORTIONING  PORTS  AND  SLIDE  VALVES. 

The  following  is  a  simple,  direct  and  compre- 
hensive method  of  proportioning  ports  and  slide 
valves  for  engines  of  any  diameter  of  cylinder 
and  variation  of  piston  speed;  also  of  getting  the 
proper  throw  of  valve,  together  with  the  time  of 
opening  and  closing  of  exhaust. 

In  nearly  all  rules  given,  it  is  supposed  that 
either  the  lap  or  travel  of  valve  is  first  known. 
Now,  the  lap  and  travel  of  valve  determine  the 
port  openings,  and  either  of  them  affects  the  port 
openings.  But  they  are  oi  first  importance^  in- 
stead of  being  treated  as  secondary. 

The  first  thing  to  be  considered,  in  designing 
an  engine,  is  (the  amount  of  work  it  is  to  per- 
form;) after  this,  (the  size  of  cylinder,)  together 
with^he  piston  speedYsteam  pressure^  and/'point 

of  cut-off^  M   :  W..  .    «|    JyO.*     -/    ^ 

Suppose  it  is  decided  that  the  cylinder  should 
be  1 6"  diam.  by  30"  stroke,  the  piston  to  travel 
500  ft.  per  minute=ioo  revolutions,  and  the 
cut-ofiF  to  take  place  at  %  stroke.  This  engine 
would  give  90  H.  P.  As  the  port  openings 
must  be  in  proportion  to  the  size  of  cylinder,  to- 
gether with  the  speed  of  piston,  they  should  next 
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be  found.  We  may  get  their  area  from  Porter's 
rule — that  steam,  in  entering  a  cylinder,  should 
never  be  required  to  travel  faster  than  200  ft.  per 
second. 

In  consideration  that  longer  ports  require 
larger  valves  and  wider  ports  more  travel,  either 
of  which  creates  more  friction,  it  will  be  seen  that 
port  openings  may  be  made  too  large  as  well  as 
too  small.  We  believe  as  good  a  rule  as  can  be 
followed,  for  plain  slide  valve  engines,  is  to  sup- 
pose the  piston  to  move  at  a  uniform  speed;  the 
port  to  be  at  full  opening  all  the  time  during 
admission,  and  velocity  of  steam  200. ft^  per 
second.  p<»-^ 

The  rule  is: 

Multiply  the  area  of  cylinder  in  inches  by  the 
speed  of  piston  in  feet  per  minute,  and  divide 
the  product  by  12600.  This  will  give  the  area 
in  square  inches  required  for  *'live"  steam, 

500X200 


12000 


:8.3  square  inches. 


The  exhaust  steam  should  not  have  to  travel 
faster  than  no  ft.  per  minute.  Make  the  steam 
port  one  inch  wide,  as  shown  in  Fig.  22,  and 
uncover  it  }C  by  the  **wing"  of  the  valve. 
This  is  the  full  linear  opening  for  *'live"  steam, 
while  the  exhaust  has  one  inch  linear  opening. 
Divide  the  area  8.3  by  ^,  which  gives  11  inches 
as  the  length  of  port.  The  exhaust  *' throat" 
should  be  2"  wide,  for  the  reason  that  the  slide 
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valve  covers  it  partly  when  at  full  stroke,  as  seen 
in  Fig.  22.  Make  the  bars  ^",  so  that  they 
will  cast  well.  When  the  travel  of  valve  is  de- 
termined, the  length,  e  /^  of  the  face  may  be 
fixed.  The  valve  should  travel  over  the  face  at 
y^  so  as  not  to  ''shoulder."  We  have  now 
found  the  full  opening  of  port,  and  have  decided 
upon  the  point  of  cut-off — ^.  From  these  we 
can  find  the  lap  and  travel  of  valve.  Draw  the 
vertical  y  y  perpendicular  \.o  aof  cutting  it  in  e. 
From  e  make  e  b  equal  to  port  opening.  From 
i8o°  subtract  one-half  the  arc  traveled  through 
by  crank  pin  previous  to  cut-off.  Divide  the 
remainder  by  2,  and  make  the  angle  e  b  c=  the 
quotient. 

The  arc  traveled  through  by  the  crank  pin 
previous  to  ^  stroke  is  120°,  one-half  of  which 
is  60°.     Make  the  angle  e  b  c= 

^ =60. 

Extend  b  c  until  it  cuts  ^  ^  in  ^.  Bisect  d  ^  at  «, 
and  extend  the  perpendicular  n  d  until  it  cuts  a 
2iin  d.  With  rf  as  a  center,  with  a  radius  equal 
to  d  by  describe  the  circle  h  c  gu  From  c  draw  c 
d — also  eg — parallel  to  a  7^  b  eis  the  port  open- 
ing at  full  throw;  e  d^  the  lap;  bh^  the  travel  of 
valve;  circle  h  c^  the  path  of  eccentric;  r,  posi- 
tion of  eccentric  centers,  when  crank  pin  is  at  //. 
The  angle  g  d  c^  is  the  angular  advance  of  eccen- 
tric.    The  c  g^  the  linear  advance  of  the  eccen- 


PORTS  AND  SI.IDE  VALVES. 


«s 


trie,  g  i^  IS  to  the  travel  of  valve  as  that  part  of 
the  piston  stroke,  after  the  closure  and  opening 
of  exhaust,  is  to  the  whole  piston  stroke.     The 


Fig.  22. 

angle  c d bis  the  one-half  arc  traveled  through 
by  tne  crank  pin  previous  to  cut-ofF.  Angle  d 
c  y  measures  the  whole  arc  traveled  through  by 
crank  pin  previous  to  cut-off. 


Fig.  23. 
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In  the  above  there  is  supposed  to  be  no  lap  on 
the  exhaust  side  and  no  lead  on  the  steam  side. 
Neither  is  the  angularity  of  the  connecting  rod 
taken  into  account  But  the  latter  has  nothing 
to  do  with  the  travel  of  valves  or  the  proportions 
of  valves  and  seats,  but  should  be  considered  in 
the  setting  of  valves. 

By  this  simple  process  we  have  the  following: 

Cylinder  W  x  ^&'  Throw  of  valve  2/^ 

No.  revolutions  100.  Lap  outside  )i" 

Cut-oflF,  }i  stroke.  Full  port  opening  }i'' 

Steam  ports  \''  x  11'^  Angular  advance  of  eccentric 

Exhaust  port  2''^  x  11^'  30° 

Length  ^y  of  face  (Fig.  22)  2'^  Linear  advance  %" 

Bars  %"  Exhaust  closure  2.2'' 
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smaller  one  the  eccentric's  centre  circle.  The 
crank- pin  circle  is  divided  off  into  the  inches  of 
travel  of  piston,  by  a  tram  or  pair  of  compasses 
set  to  represent  the  rod's  length.  ►S  Sj  in  Fig. 
24,  are  the  steam  ports,  £  the  exhaust  port,  and 
X  X  the  bridges.     Fig.  25  is  a  sectional  eleva- 


tion of  the  valve  divided  by  the  line  a  d.  The 
valve  drawing  is  cut  out  at  the  line  f  e^  and 
placed  on  the  line  representing  the  valve-seat. 

The  laps  and  lead  are  laid  off  (from  the  pin  C, 
the  valve  rod  running  directly  from  eccentric  to 
valve)  a  b  from  centre  of  circles,  a.  The  line  b  c 
is  erected  perpendicular  to  centre  line  F  C,  and 
through  where  it  cuts  eccentric  circle  at  r  a  line 
is  drawn,  as  a  B.  This  line  is  the  centre  line  of 
eccentric,  and  the  angle  Ca  B — the  angle  formed 
by  eccentric  and  crank  c.  This  angle  is  constant 
in  whatever  position  the  crank-pin  may  be. 

Place  the  valve.  Fig.  25,  on  the  seat  so  that 
line  d  a  coincides  with  line  c  b^  and  you  have 
position  of  valve  when  crank  is  on  centre.  As 
the  crank  moves,  in  direction  of  arrow,  from  C, 
the  valve  moves  from  right  to  left,  and  back 
again,  till  right  hand  edge  of  valve  comes  to 
edge  of  port,  z.     The  steam  is  now  cut  off,  and, 
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to  find  position  of  crank-pin,  notice  that  the  line 
a  d  on  valve  cuts  the  centre  line,  jF  Q  at  ^,  which 
extended  down  to  small  circle,  cuts  it  at  e.  The 
line  a  e  D  is  now  evidently  the  centre  line  of  ec- 
centric. Taking  the  distance,  B  Q  in  a  pair  of 
compasses,  and  measuring  back  from  Z),  we  find 
the  point  Ay  which  is  the  position  of  the  crank- 
pin  when  steam  is  cut  off.  The  figiflres  on  the 
large  circle  give  the  number  of  inches  traveled 
when  this  occurs.  The  valve  now  continues  to 
move  from  left  to  right  till  edge  of  exhaust 
cavity  ^,  comes  to  edge  of  port  A,  when  the  ex- 
haust commences.  The  centre  line  on  valve  d  a 
now  cuts  line  i^  C  at  a;  this,  extended  down,  cuts 
eccentric  circle  at  m,  A  line,  a  mj  G^  now  rep- 
resents the  centre  line  of  eccentric;  laying  off  the 
distance,  B  C,  from  G,  we  find  the  point  H  of 
crank-pin,  when  exhaust  commences.  The  crank 
now  travels  on  the  lower  half  of  its  circle.  The 
valve  continues  to  travel  from  left  to  right, 
opening  into  the  exhaust  until  the  edge  of  ex- 
haust cavity  again  comes  to  h  (edge  of  steam 
port,  the  valve  now  traveling  from  right  to 
left),  the  exhaust  is  closed  and  compression 
commences.  This  occurs,  as  before  stated, 
when  gy  on  valve,  comes  to  A,  on  ports;  the 
line  d  a^  on  valve,  then  cuts  the  line  F  C  at 
Uy  and  the  line  a  i  K  represents  centre  line 
of  eccentric.  Lay  off  from  K  the  distance  B  C, 
and  we  find  /,  the  position  of  crank  when  com- 
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pression  commences.  Similar  points  on  the  op- 
position stroke  can  be  found  by  commencing 
with  crank -pin  at  /^instead  of  C,  noting  that 
centre  line  of  eccentric  is  down  instead  of  up. 
If  the  eccentric's  motion  is  transferred  to  valve 
through  a  rocker  shaft,  the  lap  and  lead  must  be 
laid  off  toward  the  crank-pin  instead  of  from  it. 

These  p&ints,  we  assume,  are  understood  by 
the  reader,  as  it  would  require  too  much  space 
to  explain  them  all.  The  irregularity  of  the 
valve's  motion  (more  expansion  occuring  on  one 
end  than  the  other)  can  be  ascertained  by  this 
diagram.  Unless  the  eccentric  rod  is  very  short, 
no  notice  may  be  taken  of  its  irregularity  due  to 
radius  (shown  in  line  b  c^  being  struck  from 
length  of  eccentric  rod),  as  it  is  so  little  that, 
generally,  a  straight  line,  as  d  ^,  will  suffice  for 
practical  purposes. 

We  trust  that  this  may  be  of  use  to  some  who 
have  worried  their  brains  with  impracticable 
formulas  and  diagrams  produced  by  men  more 
scientific  than  practical,  and  which  resemble 
puzzles. 

MOTION  CURVES. 

The  laying  off  of  motion  curves  presents  to  the 
eye  all  of  the  movements  of  the  valve  at  a  glance. 
Fig.  26  shows  the  diagram  after  it  is  completed, 
ready  to  file  away  for  future  reference.  Eleva- 
tions of  the  ports  are  laid  out  to  a  scale  and  in 
length  equal  to  the  stroke  of  the  piston,  with 
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the  inches  marked  as  shown.    We  start  with  the 
valve  y,  as  shown  at  the  comineucemeut  of  the 
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Fig.  26. 

Stroke,  and,  by  means  of  Fig*.  26,  get  the 
position  of  the  valve  for  several  positions  of  the 
piston,  or  for  each  inch,  as  shown  at  a,  l>,  c,  d. 
When  all  of  the  positions  are  obtained  and 
jotted  down  on  the  port  elevations,  a  curve  that 
cuts  them  all  is  drawn,  as  are  similar  curves  for 
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the  other  edges  of  the  valve.  The  opposite 
curves  can  also  be  laid  down,  and  the  movements 
of  the  valve  for  the  opposite  stroke  obtained.  In 
the  diagram  shown,  we  see  that  the  port  S'  was 
wide  open  at  A,  or  4^  inches  of  piston  travel; 
that  steam  was  cut  oflf  at  /:,  18  inches;  exhaust 
opened  aty^  19^  inches,  and  compression  com- 
menced at^,  19^  inches  also,  the  valve  being 
*'line  and  line.'*  Other  points  can  be  obtained 
by  inspection,  and  the  diagram  forms  valuable 
data  for  the  builder  and  user. 
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XAfil^  BY  WHICH  TO  FIND  THE  RELATIVE  STATE  OF  PISTON 
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Example  from  tke  Table. — Suppose  an  engine 
with  a  stroke  of  six  feet,  or  72  inches,  and  the 
steam  cut  off  when  the  piston  is  one-third  from 
the  end  of  its  stroke,  the  cover  on  the  exhaust 
side  of  the  valve  being  i-32d  of  its  stroke,  the 
relative  position  will  be  tlie  following: 
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In  a  line  with  i-32d  and  under  i-3d  is.  113 
and  .073;  therefore  .113x72=8.136  inches  the 
piston  is  from  the  end  of  the  stroke,  when  the 
exhausting-port  before  the  piston  is  shut,  and 
.073X72=5.256  inches  the  piston  is  from  the  end 
of  the  stroke,  when  the  exhausting-port  behind 
it  is  open. 

Table  by  which  to  ascertain  the  amount  of  lap 
necessary  on  the  steam  side  of  a  slide-valve  to 
cut  the  steam  off  at  various  fractional  parts  of 
the  stroke. 


To  cut  the  steam  off,  after  the  piston  has  passed  through 

i         A         I         f         I         J  H 

of  its  stroke.     Multipb'  the  given  stroke  of  the  valve  by 
.354        -323        -289        .250        .204        .177        .144 

and  the  product  is  the  lap  of  the  valve  in  tenns  of  the  | 
stroke. 


Example, — Required  the  lap  necessary  to  cut 
the  steam  oflF  at  the  end  of  five-sixths  of  the 
stroke,  the  stroke  of  the  valve  being  twelve  in- 
ches, and  without  lead.     .204x12=2.448  inches. 

As  lead  is  not  taken  into  account  because  of 
different  quantities  being  required  to  different 
applications  of  the  steam-engine,  subtract  from 
the  lap  half  the  lead;  the  remainder  is  the  lap 
required.  Thus,  suppose  the  lead  equal  .25-f-2 
=.125  and  2.448 — » 125=2. 323  inches,  the  lap 
with  one-fourth  inch  of  lead  as  given. 
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arrives  flush  with  line  b^  as  shown,  B  being  the 
cross-head.  Then  with  the  stick  resting  on  the 
floor  or  foundation,  and  against  side  of  fly-wheel, 
make  a  mark  a^  Fig.  27,  as  shown.  Now  re- 
turn the  cross-head  to  the  centre,  revolving  the 
fly-wheel  in  an  opposite  direction  to  that  in 
which  it  was  first  moved,  till  the  pin  passes  thq 
centre  and  travels  down,  and  the  cross-head  has 
again  arrived  at  line  b  as  shown  in  Fig.  28,  the 
stick  B  remaining  in  the  same  position,  another 
line  <:,  may  now  be  drawn  flush  with  the  end  of 
the  stick. 

The  centre  between  a  and  c  may  now  be  found 
and  drawn,  as  b.  Now,  when  the  line  b  is 
brought  flush  with  the  end  of  the  stick  by  turn- 
ing the  wheel,  the  cross-head  will  be  on  the 
centre.  A  similar  operation  for  the  other  centre 
will  also  ascertain  it. 

The  length  of  the  eccentric  rod  is  next  in 
order,  and  should  be  lengthened  or  shortened  as 
the  case  may  be,  till  the  valve  opens  one  port 
about  or  nearly  as  far  as  the  other. 

While  doing  this  the  position  of  the  eccentric 
makes  no  difierence,  and  may,  in  fact,  be  fast- 
ened anywhere. 

Having  approximated  the  correct  length  of 
the  rod,  place  the  engine  on  the  centre  (either). 

The  direction  in  which  the  engine  is  intended 
to  run  being  known,  the  position  of  the  eccen- 
tric must  be  ascertained.     If  the  engine  has  a 
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rocker-shaft,  the  full  part  or  belly  of  the  eccen- 
tric will  follow  the  crank-pin;  if  there  is  no 
rocker-shaft,  the  full  part  of  the  eccentric  will 
lead  the  crank-pin,  being  in  either  case  nearly 
at  right  angles  with  the  pin.  The  engine  being 
on  the  centre,  as  in   Fig.    29,    and   having  no 


/ 


Mg.  29. 

rocker-shaft,  we  will  suppose  it  is  to  run  in  the 
direction  of  the  arrow.  As  the  eccentric  in  this 
case  leads  the  pin,  it  will  be  in  the  position  of  ^. 

Now  adjust  it  till  the  required  lead  appears  at 
Uy  fasten  it,  and  try  the  lead  when  the  engine  is 
on  the  other  centre. 

Whatever  difference  there  is  in  the  lead, 
lengthen  or  shorten  the  rod  till  the  lead  is 
equally  divided  on  both  ends,  not  moving  the 
eccentric  till  this  is  accomplished,  and  when  it  is, 
shift  the  eccentric  to  the  crank  if  there  is  too 
much  lead,  and  from  it,  if  there  is  not  enough. 

The  centre  of  the  eccentric  ^,  will  then  be  the 
lap  and  lead  from  the  centre  line  c  c. 

If  the  engine  was  to  run  in  the  opposite  direc- 
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tion,  the  eccentric  would  occupy  the  position  of 
B.  That  the  position  A  is  the  correct  one,  is 
evident  from  inspection,  for  imagining  the  pin 
/  to  commence  and  travel  in  the  direction  of  the 
arrow,  it  is  evident  that  the  eccentric  A  will 
drive  the  valve  from  left  to  right,  opening  the 
port  a  as  required. 

If  we  connect  the  valve-stem  to  eccentric  B^ 
and  suppose  the  pin  to  still  travel  in  the  direc- 
tion of  the  arrow,  the  eccentric  would  drive  the 
valve  from  right  to  left,  and  close  the  port  a^ 
and  it  is  plain  that  B  is  not  in  the  correct  posi- 
tion for  the  direction  of  the  arrow. 

However,  if  the  engine  is  to  travel  in  the  op- 
posite direction,  it  at  once  becomes  evident  that 
B  is  in  the  correct  position  for  that  direction. 
In  either  case,  the  valve  occupies  the  same  posi- 
tion when  the  pin^  is  on  the  centre. 

Locomotive  engineers  find  in  this  fact  an  ex- 
planation for  setting  a  slipped  eccentric  by  throw- 
ing the  reverse  lever  in  the  opposite  direction  to 
the  slipped  eccentric,  marking  the  valve-stem, 
throwing  the  lever  in  the  motion  for  the  slipped 
eccentric,  and  shifting  the  eccentric  till  the  mark 
on  the  valve-stem  reappears  in  the  same  relative 
position  as  when  it  was  made,  as  the  valve  oc- 
cupies the  same  position  when  the  engine  is  on 
the  centre,  whether  the  engine  runs  forward  or 
backward. 

By  examining  Fig.  30  it  will  be  seen  that  the 
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rocker-shaft  makes  all  the  difference  in  the  world; 
in  fact,  the  eccentric  stands  opposite  to  what  it 
would  without  the  rocker-shaft.  When  the 
engine  runs  in  the  direction  of  the  arrow,  the 
eccentric  pulls  the  eccentric  rod  in  the  direction 


/ 


Fig.  30. 

of  the  arrow  under  it,  and  drives  the  valve-stem 
in  the  direction  of  its  arrow  from  the  left  to  the 
right,  as  is  required.  The  rocker-shaft  just  re- 
verses the  order  of  things,  that  is,  it  causes  the 
eccentric  to  be  the  lap  and  lead  nearer  to  the  pin 
from  a  centre  line  c  r,  and  also  follow  the  pin, 
while  without  the  rocker-shaft,  the  eccentric  is 
as  seen  in  Fig.  29,  the  lap  and  lead  further  from 
the  pin,  from  the  line  c  c^  and  it  also  leads  the 
pin. 

When  the  rocker-shaft  is  used,  it  should  stand 
at  right-angles  with  the  valve-stem,  when  the 
valve  is  over  the  centre  of  the  seat. 


f/^0 


CHAPTER  X. 

ENGINE  PROPORTION  AND  CONSTRUCTION. 

We  shall  endeavor  to  give  our  ideas  of  proper 
construction  of  the  detail  of  modem  horizontal 
engines,  requisite  in  the  machine  for  the  faithful 
performance  of  its  work  as  a  motor  for  large 
manufacturing  establishments.  A  stop  of  thirty 
minutes,  caused  by  hot  journal  slides,  or  any 
part  of  imperfect  design,  entails  a  loss  to  the 
owners  of  from  thirty  to  fifty  dollars.  It  cannot 
be  denied  that  this  trouble  is  constantly  occur- 
ring, and  several  cases  have  come  to  oar  notice 
within  the  past  six  months — one  in  particular, 
that  of  a  five  hundred  horse-power  double  engine 
in  constant  trouble  from  hot  slides,  and  will 
continue  to  be  so  until  the  surface  on  cross-head 
gibs  is  made  equal  to  the  labor,  or  according  to 
any  of  the  well-known  rules  on  the  subject  of 
friction  and  lubrication.  Then  the  water  pans 
(we  would  suggest  a  more  appropriate  name — 
*' bath-tub"),  can  be  removed  from  the  slides, 
and  the  owners  of  this  costly  machine  can  settle 
down  to  business  without  fear  of  from  two  to 
five   stops  a  week.     The  slides  and  cross-head 

are  not  the  only  seat  of  trouble  when  treating  of 
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wearing  surfaces  is  considered.  The  hot  cross- 
head  pin  and  crank  pin  are  two  common  evils 
that  our  practical  engineers  deal  with  often,  and 
seven  out  of  every  ten  cases  are  due  to  bad  pro- 
portion at  these  vital  points  of  transmission,  the 
trouble  being  that  the  builders  make  their  cross- 
head  pins  not  only  too  small  in  diameter,  but 
entirely  inadequate  as  to  length.  Now  when^-^^^*' 
the  cross-head  is /r<?^^r/y  guided,  and  provided  '- 
with  complete  adjustment,  this  pin  should  be 
made  one  and  one-half  times  its  diameter  in 
length.  The  pin  itself  should  be  made  separate 
from  the  cross-head  proper,  then  as  soon-  as  a  flat 
or  oval  form  from  the  oscillating  movement  be- 
comes perceptible,  the  pin  can  be  turned  one- 
fourth  the  way  round  in  cross-head,  thus  offer- 
ing a  new  and  perfect  surface  to  receive  the  wear. 

By  making  the  pin  long,  we  approach  as  near 
as  possible  (with  a  single  end  rod)  the  old  forked 
connecting  rod,  still  in  use  in  Europe,  and 
always  free  from  heating. 

The  troublesome  crank  pins  are,  on  the  other 
hand,  the  longest  ones.  The  great  mistake  is  ^ 
made  in  having  too  much  distance  from  centre 
of  strain  to  edge  of  support.  Most  builders  make 
their  crank  pins  from  one  and  one-quarter  to  one 
and  one-half  times  the  diameter;  and  of  course 
the  long  distance  from  crank  face  causes  the  pin 
to  spring,  and  every  sixteenth  of  an  inch  in  length 
aggravates  the  disease.    A  crank  pin  running  on 
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a  hundred  horse-power  engine,  its  length  being- 
twenty  per  cent  less  than  the  diameter;  at  the 
same  time  by  the  increased  diameter  the  surface 
is  ample  for  one  hundred  and  fifty  horse-power. 
The  pin  was  never  hot — but  the  trouble  of  all 
troubles  comes  when  the  heating  selects  the  main 
crank  shaft  journals  for  its  point  of  attack;  this 
is  liable  to  occur  on  any  engine  of  size  from  the 
moment  it  makes  the  first  revolution  to  the  time 
it  is  ready  for  the  second  hand  machinery  dealer. 
Not  always  from  badly  proportioned  journals  and 
boxes,  but  from  the  fact  that  not  one  in  ten  of 
our  engine  builders  provides  any  vertical  adjust- 
ment for  the  crank  shaft — it  will  vj tax  down  from 
its  own  weight,  and  that  of  the  pulleys  or  fly 
wheels  attached  to  it,  and  no  man  living  ever 
saw  both  ends  go  down  alike.  Almost  invari- 
ably, after  three  months  running,  the  back  end 
will  be  the  lowest  from  one-eighth  to  three- 
eighths  of  an  inch,  most  of  this  being  due  to  the 
settling  of  the  foundation.  When  the  shaft 
leaves  its  horizontal,  not  only  does  the  heating 
reach  both  main  bearings,  but  of  course  the  hor- 
izontal of  the  crank  pin  is  also  affected,  and  it  at 
once  falls  into  line  and  makes  the  agony  com- 
plete, when  twenty-five  dollars  extra  expense  on 
each  box,  in  the  way  of  a  screw  or  wedge  vertical 
adjustment,  would  place  the  shaft  on  its  original 
level  plane  without  loss  of  time  or  damage  of 
any  kind. 
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'There  are  many  good  devices  for  taking  up 
the  wear  of  connecting-rod  boxes,  but  the  good 
kinds  of  adjustment  are  not  the  cheap  ones.  In 
the  first  place,  the  adjustments  should  be  so 
arranged  that  the  length  between  centre  of  pins 
will  always  remain  the  same.  This  assures  the 
least  possible  amount  of  piston  clearance  in  cyl- 
inder without  danger  of  striking  heads;  then  the 
taking  up  of  wear  should  be  accomplished  by  a 
gentle  and  moderate  motion,  and  7tot  by  sledg- 
ing on  a  key  by  main  strength,  thereby  springing 
and  otherwise  injuring  the  brassess. 

The  moderate  adjustment  is  not  only  safe  on  ^^^,.    ^ 
the  brasses  but  safe  in  its  working;  it  is  never         "p  .  ' 
liable  to  drop  out  while  the  engine  is  in  motion,  '  '^^  ^ 

and  this  is  an  item  of  vast  importance  with  the 
new  rapid  motion  machines.  The  weight  of 
connecting-rod  at  centre  and  at  crank  end  re- 
quires the  most  careful  consideration,  but  is 
slighted  too  often  in  this  respect.  We  have  seen  a 
rod  on  a  one  hundred  and  fifty  horse  power 
engine  20x48,  making  sixty-five  revolutions 
per  minute,  springing  by  actual  measurement 
^8^  of  an  inch  at  the  centre  at  each  downward 
throw  of  the  crank,  making  the  necks  of  this 
rod  liable  to  fracture  at  no  distant  day.  Not 
counting  the  injurious  effect  on  the  lower  slide, 
twenty-five  per  cent,  less  weight  in  this  case 
would  have  given  ample  strength.  ^ 


\. 


1 


144  STEAM  ENGINEERING. 

THE  SECURING  OF  PISTON-ROD  TO  CROSS-HEAD. 

In  the  early  days  of  the  horizontal  engine,  the 
old  style  forked  connecting-rod  was  always  used, 
because  it  offered  in  the  form  of  cross-head 
(which  was  wrought  iron)  a  sure  and  easy  fasten- 
ing for  the  piston-rod. 

The  hub  to  receive  the  rod  was  made  twice 
the  diameter  of  the  rod;  the  hole  was  bored  to  a 
taper  of  one-half  inch  per  foot,  and  the  length 
of  hub  was  three  times  the  diameter  of  rod. 
The  rod  was  turned  at  the  end  to  an  accurate  fit 
for  the  taper  in  cross-head,  with  thread  on  ex- 
treme end.  It  was  drawn  to  and  held  firmly  in 
place  by  a  substantial  nut,  fitted  well  to  the 
thread  on  the  rod.  But  the  forked  connection 
for  horizontal  engines  has  since  been  supplanted 
by  the  single  end  rod,  and  consequently  the  nut 
on  the  end  of  the  piston-rod  has  been  abandoned, 
by  reason  of  the  inconvenience  of  screwing  it  up 
to  place,  and  because  its  use  added  a  few  inches 
length  to  the  cross-head.  This  change  of  front 
was,  at  the  time  it  was  made,  a  great  mistake, 
and  was  so  pronounced  by  many  engineers.  At 
all  events,  there  has  never  been  a  better  fasten- 
ing used  since,  although  there  are  several  other 
methods  in  use  at  this  date. 

The  screwing  of  a  piston-rod  into  a  cast  iron 
cross-head,  with  a  jam  nut  at  the  back  of  the 
cross-head  hub,  is  about  the  most  unsatisfactory' 
device  in  use,  but  some  of  the  most  extensive 
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manufacturers  have  constructed  their  cross-heads 
in  this  way  for  years.  They  fought  against  fate, 
however,  in  this  matter  of  design,  and  we  notice 
with  pleasure  their  adoption  of  an  old,  but  better 
plan.  They  now  use  either  the  double  or  single 
round  end  thin  steel  key.  It  is  true  that  the 
key  slot  weakens  the  rod,  but  no  more  than  the 
coarse  V-threads  they  formerly  used.  By  this 
latter  plan  the  piston  rod  can  be  disconnected 
from  the  cross-head  in  one-tenth  part  of  the  time 
required  in  so  doing  with  the  screw  arrangement, 
and  there  is  no  damage  to  the  rod  in  either  con- 
necting or  disconnecting  when  the  key  is  used, 
while  by  the  screw  method  the  piston-rod  thread 
is  injured,  more  or  less,  every  time  it  is  removed 
from  the  cross-head.  Then,  in  using  th«  screw 
and  check-nut  fastening,  the  builders  make  their 
beds  so  narrow  at  the  slides  (the  idea  being  com- 
pactness of  design)  that  we  have  positive  evidence 
that  there  are  now  in  this  country  nearly  two 
hundred  engines,  the  piston-rods  of  which  must 
be  removed  from  the  cross-head,  and  the  cross- 
head  removed  from  the  slides  and  bed  plate,  be- 
fore  the  cross-head  pin  brasses^  and  connecting 
rod  strap  can  be  taken  out  for  examination  or 
adjustment. 

The  above  operation  requires  not  less  than  one 

hour  on  a  fifty-horse  power  engine,  and  the  same 

time  to  replace  the  parts  named.     These  facts 

lead  us  to  the  conclusion  that  the  best  way  of 

13 
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making  the  piston-rod  fast  to  the  cross-head  is 
by  the  old  taper  end  design,  with  a  wronght-iron 
nut,  drawing  the  rod  home  against  the  taper, 
and  a  substantial  shoulder.  The  nut  can  be 
cylindrical  in  form,  as  we  now  have  several  ways 
of  screwing  round  nuts  to  a  solid  bearing  in 
close  quarters.  Then  the  only  change  it  makes 
in  the  cross-head  is  a  few  inches  additional 
length.  When  the  nut  is  in  position,  it  is  firmly 
fastened  by  a  clip  attached  to  the  cross-head 
proper,  and  this  precaution  insures  it  against  any 
liability  of  getting  loose. 

Piston  rods  should  in  all  cases  be  made   of 
Y'  machinery   steel,  well  hammered.     The  allow- 

^^"vvu,  ance  for  turning  from  the  rough  bar  need  not 
be  more  than  ^»^  of  an  inch.  Nothing  is  better 
adapted  to  the  tensile  and  compressive  strains  of 
a  piston-rod  than  the  above-named  metal.  It  is 
free  to  turn  and  finish,  and  polishes  to  a  beauti- 
ful surface  after  a  few  weeks'  running.  The 
common,  and  perhaps  the  best  way  of  securing 
the  piston  to  the  piston-rod  is  the  shrinking  pro- 
cess. It  is  certainly  the  cheapest;  but  one  piece 
of  machine  work  connected  with  this  part  must 
be  done  with  great  care — this  is  the  boring  of  the 
piston  head.  The  hole  must  be  absolutely  true 
and  of  equal  diameter  throughout  its  whole 
length,  in  order  to  have  a  uniform  and  perfect 
grip  on  the  rod  when  cold  after  shrinking. 
Two  years  ago  the  writer  repaired  a  twenty 
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inch  cylinder  engine,  after  a  breakage  from  a 
loose  piston.  A  few  moments'  examination  dis- 
closed  the  fact  that  the  hole  had  been  bored, 
by  improper  attention  to  the  tool,  ^  of  an  inch 
tapering.  The  piston  was  seven  inches  deep, 
but  had  a  bearing  on  the  rod  of  only  i^  in- 
ches; the' riveting  on  the  end  of  the  rod  being 
too  slight  to  offer  any  resistance  to  the  loose  pis- 
ton. It  would  have  cost  no  more  to  have  made 
this  a  perfect  job,  in  the  first  place,  but  it  cost 
two  hundred  dollars  to  make  it  a  perfect  one 
after  the  break. 

PISTON   AND  STUFFING   BOX   PACKING. 

Various  arrangements  have  been  used  to 
diminish  wear  and  consequent  leakage,  partly 
arising  from  the  adoption  of  high  piston  speeds. 
In  Europe,  where  the  piston  rod  of  horizontal 
engines  often  passes  through  both  cylinder  heads, 
and  is  guided  by  a  cross-head  at  each  end,  the 
solid  phosphor-bronze  piston  has  sometimes  been 
used  in  cylinders  up  to  about  sixteen  inches 
diameter.  These  pistons  generally  have  a  thick- 
ness of  one-fourth  their  diameter,  made  quite 
light  and  partly  sectional  for  adjustment.  They 
have  a  series  of  small  grooves,  four  or  five  in 
number,  turned  in  their  edge;  the  grooves  are 
supposed  to  be  filled  by  condensation,  these  act- 
ing as  packing;  but  this  piston  has  yet  to  be 
thoroughly  tried. 
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The  English  use  a  solid  cast  iron  piston  with 
two  or  three  small  square  steel  rings  sprung  into 
the  edge,  but  with  these  lubrication  must  be 
sure  and  perfect,  or  trouble  will  at  once  be  at 
hand  from  serious  and  rapid  cutting;  but  the 
piston  receiving  the  most  favor  from  English 
engineers  to-day  for  cylinders  up  to  thirty  inches 
diameter,  is  the  one  with  two  cast-iron  rings 
turned  eccentrically  so  as  to  have  a  difference  of 
about  four  to  one  between  the  thick  and  thin 
sides.  The  thin  side  is  tongued  and  grooved 
together,  and  is  not  less  than  }i  inch  .thick. 
Both  rings  are  reinforced  on  the  inside  by  steel 
bands,  and  are  fitted  carefully  to  a  central  junk 
ring;  they  give  no  trouble  and  are  very  substan- 
tial. 

Self-acting  steam  packing  for  pistons  has  not 
a  very  strong  foothold  in  any  of  the  old  countries 
yet,  but  the  good  packings  will  probably  take 
their  places  there  in  due  time,  and  this  turns  us 
to  the  subject  of  self-acting  steam  packing  in  this 
country. 

During  the  past  twenty-five  years,  many 
patents  have  been  granted,  covering  different 
modes  of  effecting  a  steam  packing.  Some  of 
these  have  been  practically  introduced,  and  have 
shown  good  results  when  properly  cared  for; 
and  when  we  say  this,  we  do  not  wish  our  steam 
packing  friends  to  think  we  are  writing  down 
their  mechanical  principle.     Far  be  it  from  out 
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thought  to  condemn  any  American  invention, 
for  the  Americans  are  certainly  the  pioneers  in 
this  direction. 

When  the  self-acting  steam  packing  was  first 
introduced,  the  steam  pressure  admitted  to  rings 
was  allowed  to  be  too  great,  and  every  cylinder 
in  which  it  was  used  was  worn  to  the  form  of  an 
hour-glass,  largest  at  the  ends  and  small  at  the 
'centre,  owing,  of  course,  to  the  high  initial  pres- 
sure at  the  ends,  and  the  falling  off  of  that  pres- 
sure by  expansion  at  the  centre. 

Cylinders  with  the  common  spring  packing 
become  largest  at  the  centre,  as  at  this  point  the 
piston  reaches  its  highest  velocity^  due  to  crank 
motions,  but  not  to  an  injurious  degree.  Makers 
of  steam  packing  aim  to  neiitralize  the  irregu- 
larity of  wear,  and  have  well  nigh  overcome  the 
original  difficulties  by  so  arranging  the  steam 
openings  to  rings,  that  the  initial  pressure  is 
much  reduced  and  consequently  retains  nearly 
the  perfect  form  of  cylinder. 

But  the  greatest  difficulty  met  with  in  the 
matter  of  pistons  is  the  everlasting  heavy  casting. 
As  long  as  we  American  engineers  refuse  to 
guide  the  piston-rod  for  long  stroke  horizontal 
engines  at  both  ends,  we,  certainly  ought  to 
make  our  pistons  as  light  as  possible.  Even  of 
cast-iron  they  generally  can  be  25  per  cent, 
lighter  than  the  majority  are^  and  if  the  steel 
casting,  now  plentifully  made  in  this  country, 
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was  to  be  substituted,  a  saving  of  50  per  cent,  in 
weight  could  be  made.  We  sincerely  hope  the 
day  is  not  far  distant  when  cast-iron  pistons  and 
cross-heads  will  bow  themselves  out  for  all  time. 

In  examining  and  caring  for  the  steam  pack- 
ing, the  openings  in  face  of  piston,  for  the  admis- 
sion of  steam,  must  be  kept  free  from  grease  and 
dirt,  otherwise  the  packing  is  rendered  useless, 
and  we  have  a  leaky  piston  at  once. 

The  natural  twin  of  the  piston-packing  is  the 
stuffing-box  or  piston-rod  packing.     In  making 
a  stuffing-box  and  gland  07te  thing  is  necessary 
\\  in  all  cases^  and  that  is  the  lining  of  box  a?td 

gland  with  brass  at  every  place  where  metal 
comes  in  contact  with  the  piston-rod ;  this  is  a 
sure  guarantee  against  cutting,  unless  the  pack- 
ing is  shamefully  neglected. 

The  cavity  for  the  elastic  material  used  for 
packing  should  not  be  less  than  one  and  three- 
fourths  times  diameter  of  rod,  and  two  and  one- 
half  times  diameter  of  rod  in  length.  The  gland 
bearing  outside  of  flange  should  be  equal  to  one 
diameter  of  rod,  but  should  have  no  more  than 
one-half  inch  bearing  in  box;  the  remaining 
portion  should  be  reduced  in  a  conical  form  back 
to  flange,  making  it  at  this  point  ^  smaller  than 
the  end  in  the  box.  This  will  allow  for  any  irre- 
gularity in  screwing  up  the  gland  and  will  pre- 
vent any  binding  or  undue  pressure  at  this  point. 
The  methods  of  screwing  up  the  gland  are  nuni- 
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erous,  but  the  best  is  the  cup-formed  screw  cap, 
because  it  does  its  work  uniformly,  and  is  easy 
to  adjust  while  the  engine  is  in  motion.  It  is 
used  but  little  on  large  engines,  however,  on  ac- 
count of  its  cost,  although  there  are  ways  of 
making  it  at  a  cost  very  little  more  than  the 
common  flanged  gland  and  stud. 

THE  CYLINDER,  ITS  JACKET,  PORTS,  ETC 

In  speaking  of  this  matter  of  proportion  and 
construction,  our  readers  will  not  set  us  down 
as  a  fault-finder. 

Steam  cylinders  in  this  country  have,  up  to  a 
very  short  period,  rarely  been  fitted  with  a  live 
steam  jacket.  The  subject  of  jackets  being  one 
of  such  wide  difference  of  opinion  among  our 
engineers,  the  builders  have,  in  nearly  all  cases, 
taken  what  they  considered  the  safe  side  of  a 
doubtful  question,  and  have  not  used  them. 

We  believe  steam  jacketing,  when  properly 
applied,  to  be  a  fuel-saving  device;  but  it  has  so 
often  been  constructed  without  due  attention  to 
the  collection  of  water  from  condensation,  that  it 
has  no  great  achievements  to  boast  of  as  yet. 

A  live  steam  jacket  must  be  entirely  free  from 
water  at  all  tfmes,  or  it  is  not  only  useless  in  T^  y.:  ^, 
saving  fuel,  but  will  actually  cause  a  loss  at  this 
point.  In  the  first  place,  in  arranging  the  steam 
and  exhaust  ports  in  a  horizontal  steam  cylinder, 
the  bottom  line  of  passages  should  always  be  be- 
low the  lower  line  of  cylinder  bore  at  least  one 
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inch,  the  points  of  removal  of  water  from  these 
ports  and  the  cylinder  ends  easy  of  access,  the 
openings  of  large  area,  and  the  automatic 
arrangement  a  simple,  substantial,  shifting  valve 
made  of  brass  entire. 

The  steam  jacket  relief  must  not  be  connected 
to  the  passage  drainage  at  any  point,  and  must 
consist  of  a  large,  perfectly  reliable,  self-acting 
trap,  and  every  angle,  side,  end,  or  corner,  enter- 
ing into  the  design  of  cylinder  and  jacket,  must 
have  a  downward  course  toward  the  trap.  The 
outside  case  of  the  jacket  must,  of  course,  be 
covered  with  a  good  non-conductor,  and  under 
the  above  named  conditions,  the  steam  jacket  is 

/ij'.      ^^        a  benefit. 

^'f  When  the  old  speed  of  350  feet   travel  per 

minute  was  the  standard,  one-sixteenth  the  area 
of  piston  for  the  steam  port,  and  one-thirteenth 
for  the  exhaust,    was   considered   the    '*  proper 

Olifl  \  ^  thing,''  and  a  very  good  proportion  it  was.  We 
'  ' '>•  J  know  of  some  of  the  old  engines,  made  by  this 
standard  as  to  ports,  running  to-day,  not  at  350 
feet  per  minute,  but  at  520  feet  travel,  having 
been  changed  by  request  of  owners  and  by  mild 
consent  of  builders  to  increase  power,  and  obtain 
the  advantage  in  quick  piston  speed.  What  is 
the  result?  Initial  pressure  twenty  per  cent, 
below  boiler  pressure,  and  a  uniform  back  pres- 
sure on  the  piston  of  from  three  to  five  pounds 
per  square  inch.     We  believe  the  most  economi- 
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cal  piston  speed  to  be  not  less  than  600  feet  per 
minute.  In  some  cases  the  pistons  are  speeded 
at  680  feet  per  minute,  and  we  have  found  no 
difficulty  in  showing  an  initial  cylinder  pressure 
within  three  pounds  of  the  boiler  pressure,  and 
no  uniform  back  pressure. 

We  cannot  see  why  so  many  of  our  engine 
builders  still  continue  to  guarantee  certain  duties 
as  to  fuel,  at  the  same  time  never  changing  the 
ports  in  area  to  suit  their  much-increased  piston 
speed.  The  laws  regulating  this  matter  of  port 
area  are  just  as  rigid  and  unbending  as  those 
relating  to  the  strength  of  materials,  and  must 
be  observed  in  construction  with  the  same  care, 

STEAM  AND  EXHAUST  VAI.VES. 

We  do  not  think  we  shall  here  attempt  to  enu- 
merate the  various  kinds  of  valves,  induction  and 
eduction,  that  have  been  used  with  positive  and 
detachable  motions  during  a  quarter  of  a  century. 

The  single-seated  poppet-valve  was  used  for 
many  years  in  the  old  countries,  but  always  under 
low  pressure.  This  valve  has  been  used  in  this 
country  for  a  long  period,  especially  on  the 
Western  and  Southern  river  boat  engines,  and 
in  these  cases  under  very  high  pressures.  Many 
ingenious  methods  for  relieving  the  enormous 
pressure  at  the  beginning  of  lift^  or  opening, 
have  been  used,  one  of  which  certainly  deserves 
notice.     This  device  consisted  in  the  attaching 
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of  a  small  poppet-valve  on,  or  very  close  to,  main 
valve,  opening  into  port  or  passage.  A  small 
toe  or  rock-  shaft  first  came  in  contact  with  the 
auxiliary  valve  stem  a  little  in  advance  of  main 
toe.  Of  course,  the  instant  the  small  valve  was 
raised,  the  pressure  on  large  valve  was  rendered 
neutral,  and  it  was  picked  up  with  perfect  ease. 
These  valves  closed  either  by  gravity  or  springs. 
The  double  poppet-valve  was  also  used  abroad  in 
the  early  days  of  the  steam  engine,  but  its  pres- 
ent form  and  manner  of  application  and  opera- 
tion were  left  to  our  American  engineers  to  per- 
fect. They  have  modified  this  valve  to  such  au 
extent  that  it  is  classed  with  the  balanced  valves; 
it  can  be  made  so  near  a  balance  that  it  leaves 
nothing  to  be  desired  in  that  direction. 

The  only  trouble  with  a  double  poppet-valve 
outside  of  its  cost  in  making  is  the  matter  of  ex- 
pansion. They  must  be  ground  to  their  seats 
when  hot^  and  at  the  same  temperature  that  they 
work  in,  or  they  will  leak.  We  saw  them  used 
a  number  of  years  ago,  in  a  way  that  obviated 
this  trouble  considerably,  but  not  entirely.  In 
this  case  the  valve  was  brass,  and  was  fitted  into 
a  brass  cylinder  that  answered  for  the  seat;  the 
seat  or  cylinder  was  forced  into  a  cast-iron  chest, 
but  was  not  fastened  by  screws;  the  cylinder 
had  openings  all  around  it  for  the  free  passage 
of  the  steam.  Unless  the  steam  was  super- 
heated to  a  degree  that  left  little  condensation  at 
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/\^.    ^    '^^       thing   like  quick  motion.     The  Corliss  engine 

is  rarely  speeded  over  70  revolutions,  even  the 
small  sizes.  A  long  traverse  of  a  drop  valve  is 
also  bad  for  steady  regulating.  The  segmental 
valve  cannot  be  called  a  bad  one,  but  it  is  surely 
not  one  of  the  best.  We  all  have  our  opinions 
on  mechanical  matters,  which  of  course  we  are 
honestly  entitled  to,  and  we  believe  most  of  us 
have  what  may  be  termed  a  weakness  for  ex- 
pressing our  opinions,  whether  called  on  to  do 
so  or  not.  We  will  therefore  beg  pardon  here 
for  our  opinion,  that  the  best  valve  in  use  to-day 
on  a  detaching  or  automatic  engine  is  what  is 
known  as  the  sliding  gridiron  valve  with  a  num- 
ber of  narrow  ports.  The  credit  for  the  intro- 
duction and  general  application  of  this  valve, 
both  as  a  steam  and  exhaust  valve,  together  with 
their  chests,  is  due  to  Mr.  William  Wright,  the 
well-known  engine  builder  of  Newburgh,  N.  Y. 
Mr.  Wm.  H.  Hoffman  made  working  drawings 
under  this  gentleman's  supervision  for  valves  of 
this  kind  twenty-five  years  ago.  Some  of  these 
valves  were  made  perfectly  flat,  others  in  the  form 
of  a  V;  the  latter  were  fitted  into  the  chest  of  old 
poppet-valve  engines,  the  old  valves,  of  course, 
being  removed.  They  gave  general  satisfaction 
at  that  time,  and  have  since  been  used  with  great 
success  by  the  original  inventor,  Mr.  Wright. 
At  the  date  spoken  of  above,  this  gentleman 
built  engines  of  75  to  100  horse  power,  the  great- 
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est  lift  of  steam- valve  being  one- fourth  of  an  inch. 
These  engines  ran  at  about  60  revolutions  per 
minute,  but,  as  far  as  the  valves  were  concerned, 
could  have  run  at  100  revolutions  without  trou- 
ble, but  the  detail  of  transmission  was  not 
designed  for  high  speed. 

The  piston  valve  (balanced)  is  in  use  both  here 
and  in  Europe,  but  to  a  limited  extent;  its  main 
fault  is  the  requiring  of  nicety  of  adjustment, 
and  it  also  must  have  a  long  movement.  They 
are  mostly  used  for  steam  pumps  and  hammers. 
But  there  are  no  valves  that  do  not  require  care 
and  watching.  We  are  using  high  pressure,  and 
in  some  cases  super-heated  steam  in  these  times. 
Compound  engines  with  100  lbs.  initial  pressure 
are  not  expected  to  derive  much  benefit  in  the 
way  of  lubrication  from  natural  condensation; 
they  must  depend  on  \k\.^  grease^  and  that  article 
must  be  at  prompt  call,  and  the  movement  of  all 
valves  must  be  brought  to  the  lowest  possible 
point. 

VAI.VE  MOTIONS  FOR  QUICK  SPEEDS. 

It  is  unfortunate  that  a  limit  in  this  direction 
is  imposed,  in  most  automatic  engines,  by  the 
necessity  of  some  form  of  independent  detach- 
ing, cut-ofF  valve  gear,  which  admits  of  only  a 
limited  number  of  strokes  per  minute,  regardless 
of  the  size  or  proportions  of  the  engine. 

The  above  presentation  of  this  subject  is  cer- 
14 
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taiuly  correct,  in  every  particular.  It  is  very  un- 
fortunate that  something  in  the  way  of  a  detach- 
able valve  motion  to  act  with  certainty  and 
without  unnecessary  noise  and  wear,  under  rapid 
revolution,  has  not  been  perfected.  We  mean 
by  rapid  revolution  85  to  150  per  minute.  If 
there  is  a  detachable  gear  answering  the  above' 
requirements  it  has  failed  to  come  to  general 
notice.  As  to  the  highest  number  of  revolutions 
just  named,  we  do  not  think  it  possible  to  intro- 
'duce  a  perfect,  or  even  ordinary  working  inde- 
pendent drop  valve  gear;  but  we  do  believe  a 
detaching  motion  can  be  devised  that  will  **pass 
muster''  at  100  revolutions  per  minute.  When 
this  much-desired  object  is  effected,  however,  the 
lift  on  steam  valves  will  be  materially  reduced 
from  the  amount  now  generally  given,  viz. :  from 
^"  to  i^".  The  smaller  figure  is  too  much 
by  at  least  one-third,  for  a  two  hundred  horse 
engine,  when  the  ports  and  valves  are  properly 
designed.  Something  of  this  kind  would  en- 
able us  to  speed  all  engines  with  a  stroke  of  from 
30"  to  48''  as  high  as  100  revolutions  per  minute, 
if  required,  without  fear  of  failure  on  the  part 
of  valve  gear. 

The  engine  of  the  future  will  be  the  one  that 
satisfies  the  high  or  rapid  motion  requirements. 
The  old  350  feet  per  minute  and  60  revolutions 
are  things  of  the  past.  The  old  idea  about  non- 
compression  at  the  retutn  finish  was,  by  exhaust- 
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ive  and  costly  experinieuts,  exploded  in  Eng- 
land and  France  ten  years  ago.  Engineers  then 
proved  that  no  steam  engine  would  work  with  ^,^ 
its  greatest  economy  without  proper-sized  steam  /  X'/ 
and  exhaust  pipes  and  ports,  quick  piston  speed 
and  crank-shaft  revolution,  coupled  with  liberal 
compression. 

It  was  fully  established  at  the  trials  and  tests 
just  referred  to,  that  it  was  a  mechanical  impos- 
sibility to  reach  the  desired  results  in  piston 
speed,  crank  revolution,  and  the  attending  econ- 
omy of  fuel,  without  a  compression  on  the  return 
to  a  point  in  pressure  at  least  three-fourths  of 
the  JnitiaL  Otherwise  the  most  important  de- 
tails of  transmission  soon  perished,  and  every 
part  of  the  engine  suffered  from  undue  strains. 

We  would  like  to  ask  the  non-compressionist 
to  consider  for  a  moment  that  portion  of  the 
crank  circle  within  2)^^  ,oi  \\s  finish  or  central 
plane.  Then  consider  the  piston,  piston-rod, 
cross-head,  and  connecting-rod,  moving  (at  the 
speeds  used  in  these  days)  with  \ki€\t  foot -pound 
momentum,  due  to  the  velocity  and  weights, 
and  we  will  then  ask  him  if  nearly  all  of  that 
.part  of  the  crank's  path  indicated  above,  is  not 
wasted  energy,  without  compression  f 

If  he  does  not  utilize  the  vapor  on  hand,  at 
this  point,  he  will  not  only  be  chargeable  with  a 
loss  at  the  cylinder,  but  will  certainly  have  a 
terrible  account  standing  against   him   in   the 
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matter  of  demoralized  cross-head  and  crank- 
pins,  to  say  nothing  of  the  main  journal.  Com- 
pression has  come  to  stay  with  us,  and  we  must 
study  to  use  it  to  the  best  advantage.  The  loss 
by  extra  valve  leakage,  in  short  stroke  and  quick 
revolution,  is  counteracted  by  the  consequent 
saving  in  heat. 

MAIN  CRANK  SHAFT  AND  DRIVING  PULLEY. 

In  calculating  the  diameter  of  an  engine 
crank  shaft,  it  is  necessary  to  consider :  ist,  the 
strength  to  resist  torsional  strain,  and  2d,  its 
stiffness^  or  what  is  termed  torsional  elasticity. 

It  is  well  known  that  a  shaft  may  be  strong 
enough  to  stand  all  torsional  strains  that  may 
reach  it  without  twisting  asunder,  and  at  the 
same  time  be  so  elastic  from  its  great  length,  as 
to  render  it  entirely  unfit  to  drive  any  machinery 
in  which  steadiness  of  motion  is  at  all  essential. 
It  is  therefore  necessary  to  consider  the  strength 
of  shafts  and  their  stiffness  independently,  fol- 
lowing, as  they  do,  entirely  different  laws.  Tor- 
sional strength  varies  as  the  cube  of  the  diam- 
eter, and  is  wholly  independent  of  the  length, 
but  torsional  stiffness  varies  directly  as  the  fourth 
power  of  the  diameter,  and  inversely  as  the 
length.     Or  ^'  --  L. 

Now  rules  proper  for  regular  line  shafting, 
whether  placed  in  hangers  for  the  ordinary  trans- 
mission of  power,  or  in  larger  sizes  running  in 
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bearings  bolted  to  solid  foundations,  are  not 
proper  for  engine  crank-shafts,  owing,  of  course, 
to  the  irregularity  of  strains  upon  an  engine 
shaft,  due  to  the  influence  of  crank  motion  and 
changing  steam  pressure. 

Having  the  same  labor  to  perform  in  foot 
pounds,  the  crank  shaft  must  be  sixty  per  cent, 
stronger  than  the  line  shaft  when  a  single  engine 
(one  crank)  is  used;  but  with  a  double  engine, 
or  two  cranks,  one  on  each  end  of  shaft  at  right 
angles,  an  addition,  to  the  torsional  strength  of 
twenty  per  cent,  will  answer,  as  far  as  that  par- 
ticular strain  is  concerned. 

Our  engine  builders  thirty  years  ago  used  cast- 
iron  for  crank  shafts,  as  a  forged  shaft  above  six 
inches  diameter  at  that  time  was  worth  from  five 
to  seven  times  as  much  as  a  cast  shaft.  The 
majority  of  the  founders  cast  them  solid,  the  re- 
sult being  that  about  one-fourth  of  the  sectional 
area  was  unsound^  and  perfectly  useless  to  resist 
any  torsion.  Others  were  wise  enough  to  cast 
their  shafts  hollow,  or  with  a  core  through  them, 
removing  fully  one-fourth  the  sectional  area, 
thereby  adding  strength  to  the  remaining  por- 
tion of  shaft  by  the  superior  soundness  given  to 
it.  The  shafts  were  cast  in  a  pit,  on  end,  of 
course. 

But  the  days  of  cast-iron  shafts  are  passed; 
we  get  wrought-iron  of  the  best  quality  in  these 
days  at  a  price  of  about  double  that  of  cast-iron; 
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they  are  much  lighter,  and  are  ven'  stiflF,  from 
being  well-hammered. 

Of  course  the  increased  speed  of  engine  trank 
shafts  of  the  present  day  helps  materially  their 
transmitting  power;  for  an  8  inch  shaft  transmit- 
ting one  hundred  horse  power  at  sixty  revolu- 
tions is  one  thing,  and  the  same  shaft  carrying 
the  same  power  at  eighty-five  revolutions  is 
altogether  another  ** individual." 

But  it  is  not  a  good  plan  to  reduce  too  much 
in  this  direction,  for  the  reason  that  the  momen- 
tum of  the  various  machinery  driven  causes  a 
surging  action  w^hich  creates  an  excessive  and 
irregular  strain,  and  this  must  be  provided  for  in 
fixing  the  shaft  diameter. 

In  regard  to  driving  pulleys,  their  size  and 
i^v;  manner  of  construction,  there   is  much    to   be 

noticed,  but  we  will  not  now  consider  the  sub- 
ject at  length. 

We  must  here  enter  a  protest,  and  it  is  against 
the  practice  of  speeding-up  old  driving  pulleys 
twenty-five,  and  in  many  cases  fifty  per  cent, 
above  their  original  speed,  for  the  purpose  of  in- 
creasing power  of  engine. 

They  are  absolutely  dangerous,  and  will  de- 
stroy themselves,  and  perhaps  life  and  property, 
by  bursting — from  actual  centrifugal  force — ^as 
soon  as  the  laws  relating  to  t\\^  fatigue  of  metals 
assert  themselves,  as  they  surely  will. 

Persons  who  take  so  much  risk  seem  to  forget 
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that  the  centrifugal  force  of  these  old  pulleys  in- 
creases as  the  square  of  the  velocity,  so  that  iu 
doubling  the  speed  they  have  four  times  the 
amount  of  centrifugal  force  to  contend  with. 

In  many  cases  of  these  old  pulleys  the  sec- 
tional area  of  metal  is  able  to  stand  the  increase, 
but  there  is  always  a  hidden  enemy  that  no  man 
can  safely  estimate  the  power  of.  We  speak  of 
the  strain  brought  upon  a  wheel  in  casting  and 
cooling,  being  in  halves  generally,  and  conse- 
quently large  castings.  We  all  have  seen  appar- 
ently sound  and  beautiful  pulleys,  from  ten  to 
sixty  inches  diameter,  burst  "asunder  in  the 
lathe,  the  very  moment  an  ordinary  cut  was 
started,  or  by  the  simple  matter  of  a  fall  of  one 
or  two  inches.  Even  these  pulleys,  small  as 
they  are,. are  very  dangerous  when  running  (if 
they  escape  detection  in  the  shop);  but  to  what 
magnitude  is  this  danger  increased,  when  the 
diameters  and  weights  are  as  great  as  they  are 
in  engine  driving  pulleys. 

As  we  believe  the  best  results  from  driving 
belts  are  obtained  at  a  speed  per  minute  of  from 
3,000  to  3,800  feet,  we  do  not  think  it  necessary 
to  make  any  driving  pulley  for  mills  or  general 
manufacturing  over  14  feet  diameter,  and  in 
most  instances  not  over  12  feet  (piston  speed 
from  600  to  900  feet). 

We  believe  also  that  all  driving  pulleys  over 
8  feet  diameter,  where  high  speed  is  used,  should 
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be  made  in  six  segments  instead  of  iwo^  and  if 
they  are  well  put  together,  can  be  run  at  any 
practicable  speed  without  the  slightest  danger 
of  rupture. 

The  extra  cost  is  more  than  compensated  by 
absolute  safety. 

No  driving  pulley  should  have  a  velocity  of 
more  than  75  feet  per  second,  the  point  of  rupture 
being  with  the  ordinary  casting  a  little  more 
than  300  feet  per  second;  this  allows  for  a  factor 
of  safety  4,  as  far  as  vibrations  and  shocks  from 
rapid  speed  are  concerned,  and  according  to  rules 
above  quoted,  as  relates  to  tensile  strength  or 
rupture,  a  factor  guiding  the  construction  of  fly 
wheels  and  large  pulleys  little  enough,  all  must 
admit;  but  there  are  old  pulleys  running  to-day 
at  the  rate  of  60  feet  per  second,  and  are  conse- 
quently dangerous  in  the  extreme. 

DISENGAGING   VALVE   MOTIONS  AND   THEIR 

ADJUSTMENT. 

When  Mr.  Corliss  first  adopted  a  regular 
standard  of  style  or  pattern  for  his  horizontal 
engine  cut-off  gear,  somewhere  about  the  year 
1853,  he  fixed  on  a  plan  superior  in  many  re- 
spects to  the  standard  now  used  by  hiin. 

Then  there  were  no  pieces  of  the  detail  of 
valve  work  attached  in  any  way  to  the  steam 
cylinder,  save  the  four  small  connecting  rods 
leading  from  trip  motion  to  valve-stem  arms. 
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All  of  the  cut-oflF  motion  was  fastened  to  the 
main  bed-plate  or  frame,  at  a  point  nearly  cen- 
tral with  its  length,  and  well  away  from  the 
heating  and  expanding  influences  of  the  cylinder; 
and  as  the  latch-block  catches  on  barely  more 
than  one-eighth  of  an  inch,  it  will  be  readily 
seen  that  all  parts  have  very  little  leeway  for 
disarrangement  from  the  cause  mentioned. 

But  the  old  plan  has  been  discarded,  and  now 
every  part  connected  with  valve  gear  is  attached 
to  the  cylinder,  and  is,  of  course,  subject  to  all 
the  changes  by  temperature  common  to  the 
locality.  Adjust  this  motion  when  engine  is 
cold  as  perfectly  as  any  valve  setting  can  be, 
then  start  the  engine,  and,  after  an  hour's  run- 
ning, take  a  diagram  from  each  end,  and  they 
will  show  anything  but  proper  setting;  the  con- 
ditions having  been  changed  by  the  simple  matter 
of  expansion  of  metals.  So  it  is  absolutely  neces- 
sary' to  make  a  final  adjustment  of  this  motion 
after  the  engine  reaches  its  working  temperature. 

The  exhaust  valves  of  a  Corliss  engine  seldom 
have  lap  and  travel  enough  to  give  compression 
suited  or  required  for  high  piston  speed.  These 
builders  have  their  reasons  for  so  doing,  of  course, 
which  we  certainly  shall  not  question. 

While  the  Wright  engine  (Newburgh),  and  the 
Brown  engine  (Fitchburg),  both  have  their  cut- 
off gear  entirely  assembled  at  the  lozver  part  of 
cylinder,  they  are  not  aflfected  like  the  Corliss^ 
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as  one  has  no  wrist-plate,  and  the  other,  though 
a  plate  is  used,  has  it  so  far  removed  from  heat, 
and  so  short  in  connections,  that  no  trouble  is 
experienced  on  this  point. 

The  exhaust  valves  of  a  Brown  engine  are 
operated  by  the  best  method  ever  introduced  for 
this  purpose.  They  are  worked  by  a  cam  which 
throws  the  valve  wide  open  just  before  the  be- 
ginning of  the  return  stroke,  and  there  the  valve 
remains  until  within  a  short  distance  of  the  finish 
of  the  return,  when  it  closes  as  suddenly  as  it 
opened.  To  give  the  required  amount  of  compres- 
sion, the  lingering  of  the  valve  is  accomplished 
by  a  concentric  spot  on  the  cam.  We  have  seen 
these  engines  running  at  very  high  speeds,  and 
never  saw  over  one  pound  uniform  back  pressure* 
registered  by  the  indicator. 

There  is  one  very  important  thing  overlooked 
many  times  in  adjusting  and  setting  trip  cut-ofF 
gear.  This  is  the  matter  of  ascertaining  if  the 
eccentric  rod  (whenever  it  is  used)  is  the  proper 
length.  Simply  because  an  eccentric  rod  grasps 
a  wrist-plate  instead  of  a  valve-stem  is  no  reason 
for  failing  to  attend  to  this  prime-mover.  When 
a  competent  engineer  prepares  to  set  a  plain  slide 
valve,  he  first  squares  the  motion  and  fixes  the 
length  of  the  rod  exactly;  he  is  then  ready  for 
the  final  touches.  The  leading  motion  for  all 
detachable  gear  worked  by  an  eccentric  must 
have  the  same  attention  and  correction  of  errors. 
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'  As  for  steam  lead,  we  do  not  believe  in  it  be- 
yond irV  of  aninch.  A  valve  motion  too  lazy  in 
its  movement  to  open  a  valve  without  wire-draw- 
ing is  entirely  unfit  for  use  in  these  days,  and  we 
are  happy  to  say  that  the  kind  just  designated 
as  lazy  are  very  limited. 

Our  American  automatic  valve  motions  are  all 
bordering  a  little  on  the  complicated  order,  but 
they  are  so  well  made  that  this  fault  is  lost 
sight  of. 

GOVERNORS  AND  THKIR  SPEED. 

• 

The  steam  engine  governor  has,  we  believe, 
received  its  share  of  consideration  by  engineers, 
especially  in  this  country.  To  say  that  our  Amer- 
ican mechanics  have  produced  an  absolutely 
perfect  working  instrument  in  the  regulating 
line,  would  be  putting  it  rather  strongly ;  but 
when  we  claim  that  we  make  the  best  governors 
for  steam  engines  of  all  kinds,  we  have  the  state- 
ment in  its  true  and  just  form. 

No  English  power  carpet-weaving  establish- 
ment ever  had  steady  and  economical  speed  until 
the  American  model  and  proportion  of  regulator 
was  attached  to  their  engines.  The  English 
plan  generally  has  been  to  speed  the  governor 
lower  than  the  engine.  I  would  like  to  see  them 
driving  carpet  looms  on  this  principle.  Ameri- 
can engineers  rarely  speed  engines  in  the  manner 
just  described,  most  of  them  driving  the  gover- 
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nor  at  the  same  speed  as  the  crank  shaft.  The 
engines  coming  to  our  notice  that  regulate  the 
best,  are  those  furnished  with  governors  speeded 
from  50  to  70  per  cent,  higher  than  the  engine. 

There  are  many  patent  high  speed  governors 
on  the  fly-ball,  spring  and  water  principle,  all 
graded  to  run  from  three  to  six  times  the  speed 
of  crank  shaft.  But  these,  whether  attached  to 
their  own  special  valves  or  to  a  detaching  valve 
gear,  fail  to  give  the  best  results  where  the  speed 
must  be  retained  within  one  or  two  per  cent,  of 
the  standard  required. 

An  engine  making  80  revolutions  per  minute, 
driving  the  class  of  machinery  noted  above,  can- 
not vary  more  than  one  and  one-half  turns  per 
minute  without  causing  a  damage  to  the  fabric 
in  weave  room.  There  are  engines  performing 
this  service  to  complete  satisfaction,  but  they  are 
not  regulated  by  the  extreme  high  speed  gover- 
nors. As  a  high  speed  governor,  we  believe  the 
** Porter"  to  be  as  near  perfection  as  it  is  possi- 
ble to  attain;  it  is  certainly  constructed  on  scien- 
tific principles,  and  is  less  subject  to  a  trouble 
we  shall  speak  of  further  on,  than  any  other 
regulator  of  quick  motion. 

SINGLE  AND  DOUBLE  HORIZONTAL  ENGINES,  AND 

THE  TRANSMISSION  OF  POWER  TO  MAIN 

LINES  AND  COUNTER. 

A  wide  diversity  of  opinion  among  experts 
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and  builders  on  the  subject  indicated  above  leads 
one  to  approach  it  with  caution. 

One    of   the   constructing  engineers  in  this  79.  ^^ 
country  (Mr.  Chas.  T.  Porter)  would  probably,  ^     '^'^^/'/, ; 
should  parties  apply  to  him  for  a  1,000  H.    P.    ('(^,. 
engine,  recommend,  if  high  pressure  was  desired  . 
(without  condensing),   a  single  cylinder,  36in.    ^^l 
diameter,  and  say  48  in.  stroke,  and  about  iio    (f^,^     / 
revolutions  of  crank  shaft  per  minute.     If  con- 
densing, the  cylinder  would,   we  suppose,    be 
from  30  in.  to  32  in.  diameter.     He  would  in  both 
cases    cut-oflF  at  one-fourth  the  stroke.      The 
driving  pulleys  would  be  15  feet  diameter,  ac- 
cording to  Mr.   Porter's  standard,  though  this 
proportion  would  not  give  as    good  results  as 
smaller  pulleys  and  wider  belts,   making  belts 
double  instead  of  treble.      Thick  belts  do  not 
have  long  life,  according  to  our  experience. 

We  will  now  draw  comparisons  between  the 
single  and  double  cylinder  plan,  not  considering 
the  compound  engine  system. 

To  develop  an  honest  1,000  H.  P.  with  the 
two-cylinder  plan  (cranks  at  right  angles)  we 
would  require  each  cylinder  to  be  26  in.  diameter, 
with  a  stroke  of  40  in.  and  135  revolutions  of 
crank  shaft  per  minute  (non-condensing).  Be- 
ginning at  the  cylinder,  we  all  know  that  the 
loss  of  heat  in  the  one-cylinder  plan  would  be 
much  less  than  the  double  plan  ;  likewise  the 

friction,  wear  and  tear,  and  valve  leakage;  while 
15 
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110  revolutions  per  minute  gives  a  motion  steady 
enough  for  all  purposes. 

Looking,  then,  at  the  advantages  attendant 
upon  the  use  of  the  single  cylinder,  one  can 
hardly  see  the  use  of  at  least  50  per  cent,  addi- 
tional expense  in  selecting  a  double  engine. 
There  are,  however,  some  details  of  engines  and 
methods  of  operating  connected  with  the  double 
plan  that  are  considered  by  some  engineers  to  be 
superior  to  the  single  design.  We  suppose  theii 
reasons  can  be  explained  in  a  few  words.  In  the 
first  place,  the  crank  shaft  for  the  36  in.  x  48  in. 
single  engine  must  be  not  less  than  16  in.  diam- 
eter, and  about  21  feet  long  (without  a  middle 
bearing);  the  driving  drums  occupying  10  feet 
of  the  length,  the  weight  of  this  shaft  would 
of  course  be  enormous — while  the  matter  of 
lubrication  of  the  large  bearings  would  be  an 
item  requiring  the  closest  attention.  Now  with 
the  double-cylinder  two  crank  plan,  the  main 
shaft  to  transmit  1,000  H.  P.,  if  made  12^  in. 
diameter  (135  revolutions)  would  be  ample,  and 
would  only  weigh  a  little  more  than  half  as 
much  as  the  16  in.  shaft:  and  lubrication  would 
be  comparatively  easy,  while  the  driving  pulleys 
need  to  be  but  9  feet  diameter.  Some  engineers 
claim  that  it  is  always  best  to  divide  up  the 
power  of  large  engines,  say  above  250  H.  P.  (in 
pairs),  in  order  to  run  only  a  portion  of  the  work 
when  desired;  but  with  the  exception  of  some 
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Special  cases,  we  do  not  believe  iu  arranging 
power  with  a  view  of  adopting  the  system  just 
mentioned.  And  now,  as  we  have  considered 
both  plans  to  a  somewhat  limited  extent,  we  will 
only  say  that  the  few  advantages  claimed  for  the 
double-cylinder  plan,  are  more  than  outweighed 
by  the  real  substantial  ones  of  the  single-engine 
system,  with  a  centre  bearing  on  main  shaft; 
while,  with  our  improved  and  perfect  method  of 
lubrication,  all  fears  of  serious  trouble  from  heat- 
ing and  cutting  may  be  dismissed. 

We  will  refer  to  a  few  methods  of  transmitting:  S<i^  , 
power  from  engine  to  line  shaft  or  shafts.  The  ^^  ^  ' 
practice  of  gearing  an  engine  to  and  speeding  up 
a  jack  shaft,  should  be  avoided  in  all  cases;  like- 
wise narrow  thick  belts;  likewise  belts  running 
more  than  4,500  feet  per  minute,  as  3,800  feet 
will  give  the  best  results  in  the  long  run.  Not 
long  ago  we  saw  a  550  H.  P.  engine  attached  to 
a  single  line  shaft  (full  load  on  and  a  little  more) 
— if  we  remember  rightly,  there  was  *' music  in 
the  air,"  which  was  continued  until  the  power 
was  led  to  two  line  shafts. 

Further,  1,000  H.  P.  should  be  transmitted  to 
work  through  at  least  three  line  shafts  on  coun- 
ters, and  four  would  be  better.  If  three  are  used, 
the  driving  belts  should  each  be  double  and  40  in. 
wide  (speed  3,800  feet  per  minute  is  the  best  for 
economy),  the  counter  and  line  shafts  at  the 
point  of  receiving  power  supported  in  self-oiling 
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bearings  on  a  firm  truss  gallows-frame  con- 
structed of  channel  and  beam  iron;  bearings 
universal,  and  three  and  one-half  times  the 
diameter  in  length.  The  counter  or  line  shaft 
pulleys  should  be  split  and  keyed  to  shaft,  the 
keys  one  and  one-half  times  their  depth  in  width. 
A  pulley  40  in.  wide  should  not  be  crowned  more 
than  %  of  an  inch;  if  belts  will  not  run  with 
that  allowance,  something  is  wrong  with  the  set- 
ting up.  And  we  would  suggest  the  making  of 
driving  and  counter  or  line  shaft  pulleys  with 
the  rims  mortised  to  receive  well  seasoned  white 
pine  segments,  to  be  turned  off  true  and  smooth 
and  bolted  after  being  driven  into  the  rim. 
This  method  would  add  25  per  cent,  to  driving 
power  or  traction  of  pulley,  while  the  rims  would 
be  much  lighter,  an  important  item  as  to  line 
shaft  at  all  events.  In  conclusion,  we  will  add 
that  the  use  of  two  or  more  driving  belts  to  take 
the  power  from  large  engines,  is  an  absolute  safe- 
guard against  accident,  as  all  of  the  belts  would 
not  break  at  once. 

STUD    BOLTS    AND    THE    PRACTICE    OF    TAPPING 

CAST    IRON. 

We  are  aware  that  in  assembling  and  erecting 
the  parts  of  a  steam  engine,  we  are  compelled  to 
use  some  stud  bolts^  and  must  necessarily  screw 
them  into  cast  iron,  and  we  are  just  as  well  in- 
formed of  the  fact  that  more  than  half  of  the 
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stud  bolts  generally  used  for  the  purpose  under 
notice,  could  be  dispensed  with,  at  a  decided  ad- 
vantage as  far  as  labor  and  strength  are  con- 
cerned. 

Nearly  every  builder  uses  stud  bolts  all  the 
way  around  on  cylinder  heads,  and  yet  most  of 
them  could  use  the  T  head  bolt,  except  perhaps 
in  one  or  two  narrow  spots.  The  holes  for  these 
bolts  can  be  drilled  close  to  the  body  or  wall  of 
cylinder  so  that  the  pressure  will  be  brought 
near  to  the  joints  and  the  cylinder  heads  need 
not  be  increased  in  diameter.  With  the  T  head 
bolt,  if  one  is  broken  how  easy  it  is  to  replace  it 
if  duplicates  are  kept  on  hand.  But  some  one 
will  say:  Stud  bolts  are  all  right  if  you  only  look 
out  for  them  when  screwing  up.  Yes,  they  are 
all  right,  until  some  man  comes  along  with 
plenty  of  main  strength  and  too  much  wrench^ 
and  quietly  twists  them  off,  and  that  is  about 
the  time  they  are  all  wrong. 

Then  there  are  the  main  crank  shaft  bearings, 
seven  out  of  every  ten  of  which  you  will  find 
fitted  with  stud  bolts,  a  locality  where  it  is  much 
more  convenient  and  vastly  cheaper  to  use  the  T 
head  bolt  let  in  flush  at  the  sides  of  the  boxes. 
And  again,  the  bolting  on  of  the  various  stands 
and  brackets  is  common  in  design.  In  this 
matter,  there  is  not  an  engine  built  to-day  but 
might  be  so  designed  as  to  use  plain  square 
headed  bolts,  the  heads  in   many  cases  let  iu 
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their  depth  in  casting  to  prevent  turning  wlien 
screwing  up.  But  how  many  engines  do  we  find 
fitted  as  here  suggested?    Few,  we  assure  you. 

If  it  is  the  correct  and  proper  thing  to  screw  3 
inch  cap  bolts  into  cast  iron  frames  and  blocks, 
and  I  inch  and  i  J^  inch  stud  bolts  into  castings 
in  various  places,  what  is  the  use  of  having 
headhoW.^  with  nuts?  Why  not,  we  say,  if  the 
practice  is  correct,  make  cast  iron  nuts  for  our 
large  bolts,  instead  of  going  to  the  expense  of 
forging  them  with  such  care  as  we  generally 
exercise?  No,  we  know  that  no  sane  man 
would  think  for  a  moment  of  making  a  cast  iron 
nut  for  a  3  in.  bolt,  and  yet  he  will  screw  that 
same  3  in.  bolt  into  a  casting  where  it  was  easy 
for  him  to  use  a  T  or  square  head,  and  this  is  not 
an  overdrawn  picture  at  all. 

But  it  is  to  be  hoped  that  this  universal  prac- 
tice  of  tapping  cast  iron  will  be  discontinued  in 
the  near  future.  Let  the  builders  start  with  the 
determination  that  they  will  discard  stud  bolts 
in  every  case  possible^  and  the  result  much 
needed  will  be  reached. 

BOILER  PROPORTION.  ' 

Settings  for  Boilers.      ' '  * 

The  settings  for  shell  tubular  boilers  must,  for 
the  sake  of  economy,  be  largely  constructed  of 
brick:  but  it  is,  we  believe,  the  general  opinion 
of  our  American  engineers,   that  the  ordinary 
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brick  work  from  coming  in  contact  with   the 

boiler. 

This  is  one  of  the  most  important  items  to  be 
considered  in  setting  any  boiler. 

The  buckstaves  for  holding  side  walls  in  posi- 
tion should  not  be  of  cast  iron,  but  of  channel 
iron,  with  the  flat  web  placed  next  to  brick  work, 
the  lower  ends  bedded  in  concrete  and  the  upper 
ends  tied  together  (opposite  sides),  by  bolts  one 
inch  in  diameter  passing  over  the  return  arch  on 
top  of  the  boiler. 

The  return  arch  should  be  made  either  of 
brick  or  blocks  of  asbestos,  or  some  other  non- 
conducting material,  resting  on  T  iron  rafters, 
bent  to  the  form  of  boilers;  the  return  space 
under  arch  to  be  not  less  than  16"  high  in  the 
clear  for  a  66"  boiler,  to  admit  of  thorough 
cleaning  and  inspection. 

The  main  bridge  wall,  directly  back  of  grate 
bars,  should  be  wide,  for  strength  to  resist  the 
blows  from  fire-tools,  and  hollow,  to  admit  air  in 
sufficient  quantity  to  ignite  the  escaping  gases. 
Just  back  of  this  bridge-wall,  there  should  be  a 
small  combustion-chamber,  about  one-half  the 
capacity  of  the  furnace  where  hard  coal  is  used, 
and  a  little  more  than  the  full  capacity  of  furnace 
where  soft  coal .  is  the  fuel.  The  object  of  this 
chamber,  of  course,  is  to  allow  the  oxygen  to 
freely  mix  with  and  ignite  the  unconsumed  gases 
drawn  over  from  the  furnace.     The  remaining 
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passage  from  combustion-chamber  to  return  con-        ^^u,uj 
nection  at  the  rear  of  boiler  should  be  quite  close     ll,;^^  ^^ 
to  shell  of  boiler,  on  a  66'^  shell.     This  distance  ^*^ 

should  be  no  more  than  12"  and  no  less  than  8". 
The  spaces  and  combustion-chambers  under  shell 
fire-tube  boiler  must  not  be  too  large,  else  there  *p 
will  surely  be  a  loss  from  excessive  radiation.        ^^^. 

There  should  be  cleaning-doors  on  one  side  of 
boiler  where  room  will  permit,  but  always  at  the 
rear  of  boiler,  and  these  should  be  large  enough 
to  clean  the  tubes  as  well  as  the  fire  connection 
and  spaces  under  the  shell. 

The  cast  iron  fronts  must  not  be  too  thin,  on 
account  of  their  liability  to  warp,  but  they  can 
be  well  ribbed,  and  thus,  in  a  measure,  prevent 
this  trouble.  Where  they  are  bolted  together, 
the  holes  should  be  an  eighth  of  an  inch  larger 
than  the  bolts,  to  allow  for  the  expansion  of 
castings.  All  fronts  should  be  made  vn  four 
pieces,  planed  or  chipped  together.  When  this 
method  is  observed,  they  will  never  crack  at  the 
doors  or  sides  from  excessive  heat. 

The  setting  should  be  done  in  a  substantial 
manner,  using  hard  brick  with  sharp  lime  mortar. 
The  furnace  and  bridge  walls  should  be  laid  with 
No.  I  fire  brick,  every  fifth  course  a  header.  It 
will  make  a  good  job  and  assist  in  keeping  it 
clean,  if  the  space  back  of  bridge  wall  is  smooth 
paved;  and  the  outside  appearance  may  be  further 
improved  by  putting  a  stone  coping  on  outside 
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walls.  If  the  boiler  is  to  connect  with  chimney, 
a  breeching  will  make  the  connection  across  the 
front.  If  an  iron  smoke  stack  is  used,  do  not  let 
the  weight  of  tlie  stack  rest  upon  boiler  front, 
but  put  on  a  petticoat  where  it  passes  through 
the  roof  of  boiler  house,  and  let  part  of  its  weight 
rest  upon  the  roof. 

FEED  AND  BLOW-OFF  PIPES  AND  VALVES. 

An  80  horse-power  economical  engine  will  re- 
quire an  evaporation  by  the  boiler  of  1,800  lbs. 
of  water  per  hour,  for  the  cylinder  alone;  and  an 
additional  amount  of  at  least  200  lbs.  per  hour 
for  loss  by  radiation,  etc. 

The  perfect  feeding  apparatus  should  distri- 
bute this  2,000  lbs.   of  water  uniformly,    as  to 
Ou ;  time  and  quantity,   through  the  space  of  sixty 

minutes,  and  into  the  body  of  water  in  the  boiler 
at  a  neutral  point  or  plane  of  temperature. 

The  feed  pipe  should  not  enter  the  boiler  near 
the  bottom  for  several  reasons. 

The  first  is  the  bad  effect  this  method  has  on 
the  Jire-skeels  of  shell,  by  sudden  contraction,  as 
the  water  reaches  the  sheets  where  the  fire  is 
fiercest,  at  a  temperature  150°  below  that  of  the 
water  already  in  the  boiler,  assuming  the  feed 
water  to  be  heated  by  heater  to  180°.  Another 
great  objection  to  entering  the  boiler  (with  feed) 
at  the  bottom,  is  the  matter  of  sediment,  or,  in 
many  cases,  quantities  of  mud,  that  rapidly  col- 
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lect  at  this  point,  and  almost  wholly  obstruct  the 
feed  passage  ;  anything  in  the  water  liable  to 
produce  a  deteriorating  chemical  action,  will  of 
course  attack  the  fire-sheets  at  once,  and  fitting 
and  grooving  is  the  result. 

Then,  again,  the  feed  water  should  not  be 
delivered  too  near  the  water  level,  as  all  foreign 
substances  in  the  water  will,  at  this  locality, 
promote  priming,  together  with  the  natural  dis- 
turbing elements  thus  near  the  surface  where  the 
steam  takes  its  final  leave  of  the  water;  besides 
its  tendency  to  affect  the  temperature  is  still 
more,  so  far  as  the  steam  is  concerned,  than  at  the 
Dottom  of  shell.    ♦ 

Steam  should  leave  the  boiler  through  a  per- 
forated pipe. 

Now  the  feed  water  should  enter  the  boiler  at 
the  central  plane  of  the  temperature  of  the  body 
of  water,  through  a  fine  grade  perforated  pipe 
screwed  into  a  seat-plate  bolted  to  front  head  of 
boiler,  the  pipe  passing  through  the  entire  length 
of  boiler;  and  this  pipe  should  be  so  arranged 
and  fitted,  that  it  can  be  easily  removed  from  the 
boiler,  when  steam  is  off,  and  cleaned.  It  should 
be  supported  in  two  places  within  the  shell,  anc 
should  be  turned  and  bright  on  the  outside 
throughout  its  whole  length. 

Now  the  holes  in  this  pipe  should  be  in  the 
lower  side,  so  that  the  entering  currents  of  water 
will  unite  and  travel  downward  with  the  circula- 
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ting  cool  currents  already  in  motion,  as  they 
help  to  induce  rapid  circulation.  The  holes  in 
the  pipe  should  not  be  larger  than  }4  of  an  inch 
in  diameter  in  three  rows. 

When  these  conditions  are  complied  with  we 
have  the  minimum  loss  by  feeding.  Let  any 
disbeliever  try  this  once;  it  will  not  cost  him 
much,  and  will  surely  pay  him.  The  blow-off 
pipes  should  consist  of  two,  connected  of  course, 
but  independent  in  action.  The  lower  one 
should  be  at  the  extreme  bottom  of  shell,  the 
upper  one  within  three  inches  of  the  mean  sur- 
face of  water.  This  pipe  should  be  3"  in  diame- 
ter, perforated  with  }i  holes,  and  nippled  down 
on  the  outside  of  head  to  2"  diameter  (for  a  66" 
shell);  the  pipe  must  extend  the  whole  length 
of  boiler.  This  constitutes  a  reliable  surface 
blow. 

The  inside  perforated  feed  pipe  should  have  a 
connection,  outside,  with  the  2  inch  blow-off 
pipe,  in  order  to  clean  it  now  and  then  by  blow- 
ing through  it. 

Every  check  valve  should  be  so  constructed 
that  it  can  be  raised  from  its  seat  by  hand  from 
without,  and  its  position  shifted;  by  this  arrange- 
ment its  correctness  of  working  can  also  be 
tested.  All  blow-off  valves  must  be  of  the  screw- 
lift  system,  either  globe  or  gate  pattern.  We 
are  now  comparing  gate  with  globe  valves. 
The  great   trouble  with  globe  valves,   besides 
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their  cramped  and  angular  lines  of  passage, 
is  their  want  of  proper  area,  compared  with  the 
pipe  that  matches  them.  A  4''  globe  valve,  as 
you  find  it  in  market,  has  a  clear  space  of  9^ 
square  inches,  and  a  4"  pipe  has  an  area  of  izyi 
square  inches.  All  boiler  mountings  clear  of 
the  shell  outside  should  be  brass,  to  resist  cor- 
rosion and  to  present  a  neat  and  cleanly  ap- 
pearance, and  the  drippings  and  discharges  of 
water  gauges,  and  gauge  cocks,  should  be  car- 
ried entirely  clear  of  the  shell,  head,  and  fronts, 
to  a  suitable  drain. 

GAUGE  COCKS,  WATER  GAUGES,  SAFETY  VALVES, 

AND  STOP  VALVES. 

The  improvements  in  boiler  mountings  have 
nearly  kept  pace  with  those  of  boiler  design  and 
construction.  Allowing  this  to  be  a  fact,  it  must 
be  admitted  that  the  changes  have  been  very 
slow  in  producing  beneficial  results. 

Among    the  great    variety  of  gauge  cocks, 

where  is  there  one  that  is  not  in  some  degree 

troublesome?     Beginning  on  the  inside  of  the 

appendage  under  notice,  it  is  perfectly  safe  to 

say,  that  nine-tenths  of  the  styles  in  use  to-day 

are  liable  at  any  time  to  clog  and  be  useless 

upon  very  slight  provocation.     As  the   water 

falls   to  the  line  of  opening  with  the  average 

style  gauge  cock,  all  that  is  necessary  to  render 

this  important  fixture  entirely  unfit  for  service  is 
16 
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a  few  slight  particles  floating  on  the  surface,  or 
water  level,  and  any  attempt  to  free  the  cocks 
under  pressure  can  be  properly  termed  a  **  red- 
hot  ' '  job.  They  can  only  be  thoroughly  cleaned 
by  removal  from  the  boiler  after  steam  is  off. 
Now,  a  gauge  cock  can  be  made  that  will  have  a 
half  or  three-quarter-inch  hole  all  the  way 
through  it,  to  within,  say,  ^^"  of  the  front  end, 
the  remaining  portion  having  a  hole  for  dis- 
charge, say,  J  or  ^  inch  in  diameter.  Then, 
just  back  of  the  small  opening  at  front  end, 
there  should  be  a  two-way  three-ported  cock,  so 
arranged  that  when  the  small  aperture  at  any 
time  becomes  closed  by  gradual,  or  even  sud- 
den filling  up,  the  ^"  or  ^''  two-way  cock  can 
be  closed  to  front  end,  and  the  same  movement 
will  open  the  discharge  at  once  to  the  blow-off 
drain  pipe.  The  obstruction  can  then  be  re- 
moved from  the  front  end  without  danger  of 
burning  the  operator,  if  it  is  not  blown  out 
through  the  drain. 

A  gauge  cock  should  never  enter  the  boiler 
head  or  shell,  but  should  be  screwed  into  a  lib- 
eral-sized water  cylinder.  For  an  80  H.  P. 
boiler,  this  cylinder  should  be  3^"  diameter  in- 
side, and  connected  to  the  boiler  head  or  shell 
by  two  i^"  pipes.  By  this  means,  all  agitation 
from  circulating  currents  and  priming  can,  in  a 
great  measure,  be  avoided. 

The  bottom  end  of  water  cylinder  must  have 
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a  ij^"  blow-pipe  and  valve  fitted  to  it,  and  dis* 
charging  into  the  blow-oflf  drain  pipe.  The  cyU 
inder  should  be  a  steel  or  brass  casting,  about 
}i^^  thick,  and,  for  a  66''  boiler,  24''  long.  The 
glass  water-gauge  will  also  be  attached  to  it,  as 
well  as  one  of  the  steam  gauges.  Every  boiler 
should  have  two  steam  gauges.  The  water-cyl- 
inder has  been  used  by  some  builders  for  years, 
but  most  of  them  are  ver>'  much  too  small,  as 
well  as  the  pipe  connecting  them  with  the  boiler. 
Regarding  safety  valves,  we  have  been   sur-    C 


prised  to  find  the  variety  of  sizes  placed  on  boilers  '^^4 
of  like  capacity  by  different  builders.  On  a  60"  y  'y 
shell  boiler,  the  valves  vary  from  2^"  to  4^"  '^' 

diameter.  Now,  there  are  \^^  square  inches  in 
a  2^''  safety  valve,  and  15^9^^  square  inches  in  a 
4)^"  valve;  so,  according  to  these  areas,  some 
one  is,  **all  at  sea''  in  the  matter  of  safety 
valves. 

In  the  first  place,  every  boiler  should  have  two 
safety  valves;  one,  a  lever  and  weight  pattern, 
the  other,  a  spring,  or  pop  valve.  The  opening 
in  eack^  when  raised  to  its  limit  of  lift  (which  is 
always  very  small),  should  be  large  enough  to 
prevent  the  blowing-off  pressure  being  exceeded 
more  than  ten  per  cent.  The  size  or  area  of 
safety  valves  depends,  of  course,  on  the  amount 
of  water  evaporation  with  a  certain  quantity  of 
fuel  in  a  given  time;  and  it  is  a  well-known 
fact,  that  no  safety  valve  raises  over  seven  per 
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cent  of  its  diameter — or,  in  other  words,  a  4" 
safety  valve  will  never  lift  more  than  3^  inch, 
and  ^j  inch  is  the  usual  amount  for  this  size 
valve  with  the  ordinary  working  pressures. 

Therefore  a  2j4^'  valve  would  have  to  raise 
more  than  double  the  distance  of  the  4"  valve  to 
relieve  the  pressure  in  the  same  time,  and  in 
case  of  sudden  closing  of  stop  valves,  or  an  un- 
due pressure  from  any  cause,  the  2>^"  valve 
would  be  liable  io/ailio  relieve  the  pressure  in 
season  to  prevent  the  straining  of  boiler  and  per- 
haps its  explosion,  if  defective. 

A  66"  shell  and  14  feet  boiler,  54  tubes,  80  H. 
P.  should  have  two  4^"  safety  valves,  and 
neither  will  ever  lift  over  %  inch.  They  will  be 
absolutely  safe,  if  examined  daily,  as  every  valve 
about  a  boiler  should  be.  The  weight  lever 
must  never  be  longer  than  the  regular  working 
standard  pressure  requires.  There  can  be  no 
overloading  then,  unless  extra  weights  are  used, 
and  any  man  who  will  resort  to  this  vice  should 
be  introduced  to  the  paymaster  without  delay. 

The  majority  of  safety  valves  have  their  seats 
fitted  on  a  bevel.  The  spherical  form  of  seat  is 
much  better  and  relieves  more  readily,  while  its 
face  can  always  be  automatically  shifted  a  little 
on  the  seat.  The  lever  pins  should  work  on 
knife  edges,  thus  offering  the  minimum  resist- 
ance to  rapid  opening. 

There  should  also  be  two  stop  valves  on  a 
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boiler,  one  a  globe  valve,  the  other  a  balanced 
lever  valve.  The  locomotive  throttle  style  is 
good.  The  lever  valve  should  be  used  only  in 
case  of  an  emergency,  such  as  the  racing  of 
engine  caused  by  derangement  of  regulator, 
breaking  of  main  belts,  bursting  of  steam  pipes, 
etc. 

The  handle  or  lever  should  be  so  arranged 
that  it  could  be  operated  either  in  engine  or  fire 
rooms.  It  requires  too  much  time  to  close  a 
screw  valve,  in  case  of  accident.  /j2.v^ 

All  stop  valves  should  be  25  per  cent,  larger  ^   /     ^ 
than  the  pipes  to  which  they  are  attached,  in    ^^   ^  /^/ 
order    to  provide  a  free   passage  through   the 
necessary  bends,  etc. 

Fig.  31  shows  a  working  drawing  of  a  steam 
engine  with  description  of  cylinder,  jacket  and 
valves  for  a  100  H.  P.  engine  designed  by 
Wm.  H.  Hoffman,  M.  E.,  of  Passaic,  N.  J.,  one 
of  the  most  talented  engineers  of  this  country, 
and  one  to  whom  the  writer  and  all  other  Ameri- 
can engineers  are  indebted  for  much  valuable  in- 
formation in  the  design  and  construction  of 
steam  engines  and  boilers. 

The  cylinder  is  completely  jacketed  with  live 
steam  taken  direct  from  the  boiler  through  a 
1%'^  pipe.  The  jacket  casing  is  of  boiler  plate 
^'^  thick,  riveted  on  to  the  cylinder,  leaving  a 
steam  space  of  ^  inch  all  the  way  around  the 
cvlinder.     The  surfaces  on  cylinder  and  jacket 
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are  perfectly  smooth,  thus  offering  no  obstruction 
to  drainage.     No  water  can  lodge  in  this  jacket 

The  cylinder  heads  also  act  as  jackets,  live 
steam  being  admitted  to  each,  and  each  is 
drained  at  the  bottom. 

All  water  from  condensation  is  trapped  into  a 
small  tank,  and  is  from  thence  forced  by  a  small 
pump,  working  continuously  with  the  engine, 
into  the  boiler. 

The  main  steam  valves  are  connected  by  a 
right  and  left  screw  for  perfect  adjustment. 
They  are  balanced  up  to  two-thirds  of  the  chest 
pressure,  by  rings  fitted  to  the  chest  bonnet,  the 
16^ver  rings  being  made  of  cast  iron,  while  the 
upper  ones  are  a  series  of  thin  plate  rings,  each 
^  inch  thick,  convexed  and  concaved  faces, 
placed  together  for  elasticity.  The  rings  are 
brought  to  the  proper  bearing  by  four  set  screws. 
The  space  inside  the  ring  forming  the  balancing 
surface  is  ^  inch  deep,  and  is  connected  to  the 
upper  end  of  the  small  double-acting  drain  pump, 
which  maintains  a  vacuum  under  the  rings  and 
by  which  any  leakage  can  be  detected  at  once. 

The  main  valve  is  worked  by  an  eccentric, 
which 'transmits  its  motion  to  the  valve  stem  by 
a  peculiar  lever  and  wrist-plate  combination, 
giving  a  very  rapid  movement  to  main  valve  at 
the  point  of  opening  and  past  the  half  stroke, 
when  it  begins  to  reduce  its  speed,  and  at  full 
port  pauses  and  moves  toward  the  close  very 
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gradually,  until  the  half  travel  is  passed  again, 
M^hen  it  closes,  as  it  opened,  with  great  rapidity. 
By  this  means  a  port  of  twenty  square  inches 
(which  is  the  size  at  the  cylinder  bore)  is  jnst  as 
efRcivMit  as  26  square  inches  would  be  with  a 
simple  eccentric  motion.  The  ports  are  each  jj 
inch  wide  in  each  valve,  outside  lap  f  inch,  in- 
side j,8j  inch.     Travel  of  valve  3j\r  inches. 

The  cut -off  valves  are  also  worked  by  an  eccen- 
tric and  wrist-plate  motion.  The  travel  of  these 
valves  can  be  changed  at  will,  but  for  usual  work 
they  will  travel  four  inches.  They  are  operated 
direct  by  a  centrifugal  governor  fixed  on  the 
main  crank  shaft.  By  the  lever  and  wrist-plate 
combination  used  in  this  case,  the  cut-off  valves 
have  a  rapid  close  by  the  cut-oflf  eccentric,  inde- 
pendent of  the  extra  hastening  of  the  closing  by 
the  governor.  Both  valves  can  be  worked  by 
hand  lever  (the  main  and  cut-off),  and  the  cut- 
off valves  can  be  adjusted  on  the  seat  of  the  main 
valve  to  any  desired  point,  by  a  simple  device 
entirely  outside  of  the  chest. 

SETTING  UP  STEAM   ENGINES. 

In  setting  up  stationary  engines,  the  first  re- 
quisite is  a  template  of  the  anchor  bolt  holes. 
This  template  is  made  of  one-inch  stuff,  about 
six  inches  wide,  and  is  merely  a  frame 
large  enough  to  take  in  the  holes  in  bottom 
flange  of  bed  plate,  as  shown  in  Fig.  32. 

The  engine  may  be  tilted  up  a  few  inches 
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on  one  side  aud  sup- 
ported b>'  short  braceB 
from    the    top  flange. 

a  This  will  allow  of  the 
template  being  slipped 
under  the  bed  plate 
and  the  flange  holes 
marked  on  it  throngh 
the  flange  holes.  While 
in  this  positiou,  if  the 
side  or  edge  of  the 
bottom  flange  is  planed 
true  with  the  centre 
line  of  engine,  a  line 
6,  d,  Fig.  32,  may  be 

„i  scribed  on  the  template 
true  with  this  edge,  to 
square  the  anchor  bolts 
by  an  existing  line  of 
shafting  in  the  build- 
ing, as  the  case  may  be. 
If  the  top  flange  of  bed 
plate  is  planed  and  the 
bottom  one  not,  the  line 
6,  d,  may  be  squared 
down  from  top  flange. 
If  neither  the  top  nor 
the  bottom  flange  is 
planed  on  the  edge,  a 
line  may  be  put  up 
through  the  cylinder 
centrally,      extending 
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the  entire  length  of  bed  plate,  which  should  be 
level  or  nearly  so,  and  a  line  dropped  from  such 
end  of  this  centre  line  across  the  ends  of  bed  plate 
and  the  bottom  flange,  marked  fair  with  the  line 
where  it  crosses  it.  This  transfers  the  centre 
line  of  engine  to  bottom  flange,  which  in  turn 
can  be  transferred  to  the  template.  The  marks 
on  lower  flange  had  better  be  made  while  the 
engine  is  in  the  shop  on  the  ** floor"  being  put 
up.     The  lines  so  transferred  are  shown  in  Fig. 


1:3. 


Fig.  33. 

32  atr,  c.  The  holding  down  or  anchor  bolts, 
which  should  have  large  heads,  may  then  be 
slipped  through  the  washers  or  anchor  plate.  A 
heavy  anchor  plate  of  cast  iron,  long  enough  to 
take  in  two  opposite  bolts,  as  a^  a\  is  better  than 
single  washers.  The  bolts  so  prepared  may  then 
be  placed  upright  in  the  foundation  hole,  the 
template  resting  on  the  nuts,  which  should  be  run 
down  a  short  distance,  as  shown  in  Fig.  33,  d. 
being  the   template.     The   template  and  bolts 
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should  then  be  squared  by  the  lines  3,  3,  or  c,  r, 
(Fig.  32,)  to  the  shafting,  if  up,  or  the  building, 
and  braced  in  this  position  by  several  light  braces 
tacked  to  it  and  surrounding  objects.  The  foun- 
dation can  then  be  laid  on  the  anchor  plates  en- 
closing the  bolts  till  the  required  height  is 
reached.  The  top  should  be  composed  of  large  cut 
stones  and  carefully  leveled.  The  engine,  after 
the  foundation  has  **set"  sufficiently,  may  be 
f^, ,  r  placed  on  it,  the  bolts  bringing  it  in  line.     It 

.   '  ^  L        should  be  carefully  leveled  by  iron  wedges.     A 
"Jili,,  '*  runner,"  or  small  embankment  of  clay,  should 

then  be  built  as  high  as  the  top  of  the  lower 
flange,  both  inside  of  bed  plate  and  out,  and  ex- 
tending entirely  around  it  about  a  quarter  of  an 
inch  from  it.  This  ** runner''  may  be  bent  out 
at  several  places  into  the  form  of  a  capital  letter 
i/,  open  side  to  the  flange,  to  facilitate  the  pour- 
ing of  the  melted  sulphur  or  lead,  which  should 
be  run  up  considerably  higher  than  the  bottom  of 
the  flanges,  so  that  the  hydrostatic  pressure  may 
keep  it  solid  between  the  flange  and  stone. 
Cement,  either  Portland  or  Louisville,  may  be 
used  in  place  of  the  lead  or  sulphur  by  **  point- 
ing "  the  crevice  between  bed  plate  and  stone  on 
the  outside  only  with  a  thick  mortar  of  the 
cement,  and  pouring  a  thinner  mixture  of  the 
same  on  the  inside.  This  may  be  worked  beneath 
the  flange  with  a  trowel.  After  it  is  set  the  anchor 
nuts  may  be  tightened,  and  the  surplus  sulphur, 
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lead,  or  cement  chipped  off  flush  with  the  bed 
plate. 

The  writer  has  seen  several  engines  set  with- 
out the  template,  by  building  up  the  foundation 
solid  without  the  bolts.  The  engine  should  then 
be  leveled  on  the  foundation  and  squared.  Holes 
may  then  be  drilled  through  the  flange  holes  in- 
to the  foundation,  about  12  ori4  inches  wider  at 
the  bottom  than  top.  The  bolts,  which  should 
be  slightly  tapered,  being  smaller  at  the  top,  may 
then  be  placed  in  the  holes  and  sulphur  or  lead 
used  as  in  the  first  plan.  An  80  H.  P.  engine 
set  by  the  latter  plan  six  years  ago  is  as  solid  to- 
day as  can  be  wished.  Sulphur  will  generally 
give  the  best  results.  When  the  latter  plan  is 
adopted,  the  foundation  throughout  should  be 
laid  up  in  cement.  In  setting  up  an  engine  it 
should  be  remembered  that  a  foundation  too 
heavy  (if  such  a  thing  is  possible)  is  preferable  to 
one  too  light.  The  part  below  the  earth  should 
be  laid  of  stone  well  below  the  frost  line.  The 
part  above  may  be  of  brick  topped  with  one  or 
two  cut  stones.  The  pillow  block  foundation 
may  be  built  the  same  as  the  engine  foundation, 
and,  being  lighter,  anchor  bolts  clear  to  the  bot- 
tom had  better  be  used.  r     y-^       »   f 

STEKlv  VS.    IRON  PLATES.  /'.''--        f  '^  i-  f '?'  6 

In  the  year  1847,  Krupp,  of  Essen,  made  his 
first  steel  twelve-pounder  field  piece,  and  all  of 
Europe's  military  engineers  laughed,  and  said 
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the  ** Dutchman"  had  better  try  glass  next: 
but  in  1879,  ^^^  same  Krupp  made  a  seventeen 
hundred-pounder  breech-loading  rifled  siege  gun, 
the  weight  of  which  is  but  little  more  than  one- 
half  that  of  the  famous  one-hundred-ton  gun, 
made  of  wrought-iron,  built  in  England,  while 
the  projectiles  and  powder  charges  are  about 
the  same  weight — and  Europe's  military  engi- 
neers don't  laugh  as  much  as  they  did.  The 
trouble  in  1847  ^^^^  ^^^  great  German  engineer 
had  not  perfected  his  theory,  but  he  did  in  1879. 
Consequence;  no  more  wrought-iron  guns. 

The  history  of  the  steel  plate  is  about  the  same 
as  that  of  the  gun,  as  far  as  its  history  has  pro- 
gressed, and  we  are  only  about  two-thirds  the 
way  toward  the  completion  of  its  troublesome 
journey.  The  first  steel  boiler  plates  were  used 
about  eighteen  or  twenty  years  ago,  and  were, 
of  course,  too  hard  and  failed;  in  the  next  trial 
this  difficulty  was,  in  a  measure,  modified  and 
overcome,  but  the  sheets  were  sadly  wanting  in 
homogeneity,  and  could  not  be  depended  on,  as 
two  plates  were  rarely  alike.  The  plate,  at  this 
time,  was  made  quite  thin,  in  fact,  too  thin;  not 
for  tensile  strength,  but  it  was  inadequate  as  to 
mass  or  body,  to  resist  the  intense  heat  to  which 
it  must  be  subjected,  for  all  carbonized  metals 
must  be  liberally  constituted  in  this  respect  or 
they  will  surely  fail,  from  the  fact  that  the  main 
stay  will  be  burned  out  of  them,  if  they  are  put 
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to  hard  work.  Then,  again,  there  is  a  decided 
limit,  at  present,  in  the  matter  of  thickness,  for 
it  is  very  difl&cult  to  obtain  steel  plates,  say  5^" 
thick,  that  can  be  called  perfect,  a  majority  of 
them  being  bad  in  spots  at  the  centre  of  thick- 
ness. 

But  steel  plate  making  is  slowly  and  surely 
improving.  The  famous  mills  of  Pennsylvania 
are  marching  steadily  on  to  the  solution  of  the 
problem;  they  have  been  but  comparatively  a 
short  period  at  this  great  task,  but  they  have  ac* 
complished  wonders.  Therefore,  in  considering 
the  subject  of  Boiler  Proportion  and  Construction,! 
we  shall  introduce  steel  in  construction  at  all 
points  where  it  has  already  been  faithfully  tried. 
Of  course,  the  cost  of  manufacture  of  a  steam 
boiler  using  steel  in  most  of  its  details  is  materi- 
ally increased:  first,  in  the  raw  plate;  second,  ill 
working  in  the  smith's  shop;  finally,  in  the  ma^ 
chine  preparation.  Being  carbonized,  the  utmost 
care  must  be  observed  at  the  flange-fire  in  work* 
ing  the  steel  plate,  the  fire  must  reach  the  metal 
at  all  points  exposed  alike,  or  the  plate  will  be 
rendered*  unfit  for  service,  and  it  must  not  be 
subjected  to  sudden  shocks  or  blows  in  bending* 
Steady  pressure  and  close  attention  must  take  the 
place  of  rough  usage. 

In  machine  working,    the  caution  must  be 

equal  to  that  required  at  the  fire.     No  steel  plate 

should  be  punched;  drill  all  holes,  otherwise  the 
17 
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main  object  is  sure  to  be  defeated.  A  puncbed 
steel  plate  is  little,  if  any,  stronger  than  a  drilled 
wrought-iron  one  of  the  same  thickness,  and  a 
punched  hole,  any  way,  is  always  enlarged  after 
the  boiler  is  put  under  pressure.  In  riveting, 
the  hydraulic  system  should  be  universally 
adopted  for  steel  plates,  on  account  of  its  freedom 
from  concussion,  and  in  places  that  exclude  the 
use  of  the  machine  and  that  call  for  hand  work,  tl>€ 
heavy  blows  should  be  administered  at  the  inser- 
tion of  the  rivet,  the  hammer  strokes  gradually 
growing  lighter  as  the  rivet  cools;  excessive 
hammering  must  be  avoided,  else  the  rivets  are 
to  a  certain  degree  crystallized. 

TUBES  vs.    KLUES — EVAPORATIVE  POWER,  ETC. 

According  to  the  recorded  experience  of  a 
large  number  of  American  engineers,  the  con- 
test between  tubes  and  flues,  as  generally 
arranged  in  boilers  where  the  heat  passes  through 
them,  has  thus  far  been  decidedly  in  favor  of  tlie 
tubes  when  properly  proportioned  and  located. 

The  construction  of  the  tubular  boiler,  how- 
ever, has  often  been  inferior  to  that  of  the  flue 
design. 

The  original  idea  of  the  tubular  boiler  was  to 
fill  a  shell  as  nearly  halfivXV  of  very  small  tubes 
(say  i^''  diameter)  as  possible,  and  from  actual 
compulsion,  locomotive  engineers  are  even  to- 
day building  their  boilers  after  this  style,  know- 
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ing,  of  course,  that  their  main  source  of  powei 
lies  in  the  artificial  draught  by  the  exhaust 
Otherwise  the  small  tubes  would  not  only  be  in- 
efficient in  the  amount  of  surface,  but  they 
would  utterly  fail  to  take  the  volume  of  hot 
gases  through  them,  being  simply  wanting  in 
area  for  natural  draught. 

-  The  old-fashioned  stationary  tubular  boilers 
soon  showed  their  weak  spots;  incrustation  was 
the  death  of  this  method  of  arranging  tubes. 

As  the  water  in  boilers  becomes  concentrated 
the  order  of  disposition  of  the  different  salts 
therein  is  as  follows:  ist,  carbonate  of  lime;  2d, 
sulphate  of  lime;  3d,  salts  of  iron  as  basis  or 
oxides;  4th,  silica;  5th,  common  salt.  Carbo- 
nate of  lime  considered  as  chalk,  marble  or  lime- 
stone is  held  in  solution  in  fresh  water  by  an  ex- 
cess of  carbonic  acid,  or  it  really  is  a  bicarbonate; 
the  acid  is  driven  off*  by  the  heat,  and  the  car- 
bonate is  precipitated.  Sulphate  of  lime  and 
carbonate  of  magnesia  are  also  precipitated  in 
all  kinds  of  water,  in  fact,  on  becoming  soluble, 
the  lime  and  other  salts  remain  in  a  partial  state 
of  suspension  in  the  water,  but  gradually  deposit 
themselves  according  to  the  density  of  the  water. 

Now,  2.Jlue  boiler  with  the  lower  flues  close 
together,  and  near  the  bottom  of  shell,  is  just  as 
objectionable  as  far  as  the  precipitation  and 
deposit  is  concerned,  as  the  old  small  tubular 
style;  while  the  real  danger  from  burning  out, 
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and  explosion,  is  far  greater  than  with  the  smalt 
tube  system,  as  neither  can  be  perfectly 
cleaned. 

As  to  the  evaporative  power  of  each  system 
when  compared,  take  for  example,  a  two-flne 
boiler  48"  diameter,  24  feet  long,  15''  flues;  now, 
take  an  old  style  tubular,  same  diameter,  half 
filled  with  2"  tubes,  14  ft  long;  now  start  with 
a  sixty-day  trial,  both  boilers  clean.  The  flue 
boiler  at  the  first  week's  trial  would  evaporate 
6)/^  lbs.  of  water  with  a  poiind  of  ordinar>-  steam- 
ing coal,  while  the  tubular  would  evaporate  8j^ 
lbs.  more  water  with  one  pound,  same  fuel.  At 
the  last  week's  trial  the  flue  boiler  will  have  fal- 
len off  to  5^  lbs.,  but  the  tubular  will  fall  as  low 
as  7  lbs.,  both  boilers  being  under  the  same  condi- 
tions as  to  setting,  draught,  firing  and  feed  water—*' 
the  loss  in  both  cases  being  due  to  natural  deposit 
of  a  poor  conductor  of  heat  on  the  most  available 
heating  surfaces,  and  when  this  deposit  is  re- 
moved it  involves  the  laying  off  of  these  boilers 
for  four  or  five  days,  and  the  cleaning  is  called 
finished  when  it  can  really  only  be  imperfectly 
done.  Now  this  all  goes,  to  prove  that  no  boiler 
should  be  termed  economical  that  cannot  be 
thoroughly  cleaned  wherever  the  fire  reaches  it, 
both  inside  and  outside. 

THE   LOCATING  OF  TUBES    AND  FLUES, 

This  natural  effect  can  only  be  overcome  or 
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neutralized    by  either   chemical,    galvanic,    ot 
electric  combinations,  or  actions. 

But  there  are  methods  of  locating  flues  and 
tubes,  or  even  fire-boxes  and  stays,  in  boilers, 
that  cause  more  trouble,  damage  and  expense 
than  anything  chargeable  to  elementary  causes. 
The  badly  designed  and  proportioned  boiler, 
clean  or  unclean,  will  seriously  interfere  with 
the  generating  of  power,  independent  of  all  other 
conditions. 

When  tubes,  or  flues,  are  placed  so  near  to 
each  other,  or  to  the  shell  of  boiler,  that  they  ac- 
tually prevent  circulation,  and  the  separation  of 
the  steam  and  its  free  passage  from  the  water, 
we  have  a  mechanical  difficulty  before  us  insur- 
mountable. 

We  do  not  wish  to  make  an  unreasonable 
statement,  but  we  really  believe  that  two-thirds 
of  the  boilers  in  use  to-day  have  their  tubes  and 
flues  too  near  together — too  many  of  them  for  the 
diameter  of  shell;  tubes  too  small  in  diameter 
for  their  length,  where  natural  draught  is  de- 
pended on;  while  in  fire  box,  or  internally  fired 
boilers,  the  water  spaces  are  not  only  too  narrow, 
but  it  is  utterly  impossible  to  clean  them. 

We  will  look  at  the  arrangement  of  tubes  first. 
The  diameter  of  horizontal  tubular  boiler  shells, 
now-a-days,  varies  from  30''  to  96'',  and  the 
lengths  run  from  10  feet  to  24  feet.  The  tubes 
used  are  from  2''  to  5^'  outside  diameter.  The 
fire,  of  course,  passes  throug^h  the  tubes. 
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A  boiler  with  a  66"  diameter  shell  is  generally 
16  feet  long,  and  contains  about  sixty-six  (66) 
3>4"  tubes — too  many  tubes  by  twelve^  and  too 
long  by  2  feet,  for  the  best  results.  The  diame- 
ter of  tubes  for  the  shell  is  all  right. 

It  is  not  proper,  by  reason  of  natural  causes 
governing  the  transit  of  heated  volumes  of  gases, 
etc.,  to  make  tubes  proportionate  in  length  to 
their  area.  For  example,  a  5''  tube  should  n(M 
be  double  the  length  of  a  3>^''  tube  simply  be- 
cause it  is  double  the  area  of  the  small  tube. 

Experiment  and  observation  have  taught  us 
that,  in  doubling  the  area  of  a  tube,  the  advance 
in  length  caa  only  be  50  per  cent. ,  with  economy 
in  view,  so  that  a  boiler  with  a  shell  96"  and 
tubes  5''  diameter  should  be  21  feet  long — no 
more,  no  less — for  the  best  steaming  duty.  In 
all  boilers,  tube  or  flue  style,  the  tubes  or  flues 
must  never  be  nearer  the  bottom  of  shell  than 
10",  while  the  side  rows  of  tubes  should  clear 
side  of  shell  at  least  4"  (we  are  now  speaking  of 
boilers  over  48"  diameter).  They  cannot  be 
cleaned  unless  this  rule  is  observed. 

In  designing  a  66''  x  14  ft.  tubular  boiler  3^-^" 
tubes,  we  would  place  the  lower  course  of  tubes 
13"  from  the  bottom  of  shell,  and  the  side  tubes 
4J^"  from  shell.  Tubes  i^''  apart  measuring  on 
a  vertical  line,  and  i^''  apart  measuring  across 
the  horizontal.  The  top  course  is  entirely  above 
the  centre  of  boiler;  no  steam  drum,  but  a  liberal- 
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sized  inside  dry  pipe,  short,  and  placed  near  the 
front  end  of  boiler;  boiler  inclines  toward  the 
front  3".  A  boiler  constructed  after  the  above 
design,  properly  set  and  mounted,  will  generate 
steam  for  an  80  H.  P.  engine  without  the  slight- 
est signs  of  priming,  and  there  will  be  no  more 
\hB.n  fifty-four  (54)  tubes,  and  fifty- two  (52)  will 
give  the  power  noted  above;  and  the  water  can 
never  be  driven  away  from  the  bottom  and  sides. 
The  tubes  should  never  be  staggered.  s 

Some  of  the  steam  drums  placed  on  steam 
boilers  are  certainly  ludicrous  in  the  extreme. 
They  are  not  only  useless  in  preventing  priming, 
but  they  act  as  condensers,  render  the  boiler 
.weak  from  the  mode  of  attaching  them,  and  are 
ungainly  and  a  nuisance  in  handling.  As  gen- 
erally constructed,  they  are  about  as  useful  as  an 
ordinary  quart  measure  would  be  in  their  place. 
A  boiler  that  has  enough  water  and  steam  space  ^':' 
in  its  shell  requires  no  steam  drum,  and  it  never 
will  prime,  to  a  noticeable  degree,  unless  sadly  "  0 
overworked. 

Priming  is,  we  believe,  caused,  to  a  large  ex- 
tent, by  a  reduction  of  pressure  and  increased 
ebullition  under  that  point  of  the  boiler  whence 
the  steam  is  drawn.  By  this  means,  water  is 
carried  into  the  very  top  of  steam  drums,  and  we 
have  seen  cases  where  the  inside  of  a  drum 
would  be  plastered  with  mud  two  inches  thick, 
and  not  a  particle  of  it  on  the  tubes,  or  inside  of 
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shell,  except,  perhaps,  a  little  in  the  immediate 
locality  of  the  drum.  A  steam  drum  cannot  be 
protected  or  jacketed  so  as  to  prevent  the  reduc- 
tion of  temperature  and  pressure  below  that  of 
the  boiler  shell  proper. 

MAN-HOLES,  STAYS,  HAND-HOLES,  SIDE  SEAMS, 

CAULKING,  ETC. 

The  use  of  cast  iron  man-  and  hand-hole  frame^, 
and  plates  should  be  discontinued.  Our  rolling 
mill  engineers  can  do  almost  anything  in  the  line 
of  irregular  forms  at  this  date,  and  there  is  no 
excuse  for  using  a  metal  entirely  unfit  for  the 
details  mentioned.  About  one-fifth  of  the  boiler 
explosions  almost  daily  occurring,  can  be  traced 
to  the  use  of  cast  iron  in  construction.  We 
have  seen  man-hole  frames  on  boilers  carrying 
80  lbs.  pressure,  that  if  actually  tested,  with  a 
view  to  rupture,  would  break  at  130  lbs.  distri- 
buted in  the  same  manner  as  the  steam  load. 
Let  all  builders  adopt  wrought  iron  for  the  parts 
here  under  consideration,  discountenance  this 
dangerous  practice,  and  the  record  of  boiler  ex- 
plosions will  surely  be  smaller.  When  wrought 
iron  is  used  for  frames  and  plates,  two  man-holes 
can  be  placed  above  the  tubes,  in  shell,  with  as 
much  safety  as  one,  each  one  say  11"  x  15'^  The 
hand-hole  in  front  head  under  tubes  should 
never  be  less  than  7"  x  10",  on  a  66"  shell 
boiler  we  would  make  it  9"  x  12",  the  common 
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size  hand-hole  is  of  very  little  use  in  cleaning, 
never  being  larger  than  5"  x  7",  the  majority 

The  head  stays  above  the  tubes  should  be  con- 
tinuous in  design,  with  eye  sockets  and  pins  at 
the  heads,  the  rods  or  bars  separated  in  their 
length  at  the  centre,  and  coupled  and  drawn  to- 
gether with  taper  keys,  wired  in  position,  to  pre- 
vent displacement.  The  stays  can  then  be  taken 
out  and  examined  when  cleaning,  an  item  of  as 
much  importance  as  any  other  part  of  boiler  in- 
spection. The  bolts  and  clamps,  or  guards,  for 
holding  plates  in  position,  must  be  large,  the 
threads  pf  bolts  of  the  half  V  style  to  resist  hard 
usage,  while  the  clamps  should  be  faced  on  feet 
and  hubs.  All  boilers  should  be  double  riveted 
on  the  horizontal  seams.  Even  with  this  precau- 
tion in  construction,  they  are  not  as  strong  at  the 
point  of  riveting  as  in  the  solid  portion  of  sheet. 

As  for  caulking,  Connery's  concave  system  will 
be  of  as  much  service  in  boiler  making,  in  the 
matter  of  saving  material  and  preventing  acci- 
dent, as  any  invention  introduced  within  the  last 
twenty  years.  Hundreds  of  good  boilers  have 
been  ruined  in  caulking,  and  many  a  boiler 
maker  has  repaired  his  own  work,  knowing,  after 
examination,  that  his  caulkers  were  responsible 
for  the  damage.  Machine  tools  must  be  used  in 
preparing  sheets,  such  as  straightening,  bend- 
ing, flanging,  drilling  and  scarfing,  or  planing, 
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and  in  assemblings  riveting.  The  old  sharp-edged 
caulking  tool  was  always  wrong,  the  same  as 
hand  riveting  is  in  principle,  and,  in  the  hands 
of  an  inexperienced  man,  the  most  dangerous  of 
all  devices  used.  It  will  pass  away,  however, 
and  good  results  will  certainly  follow  its  disap- 
pearance. 

Mr.  James  W.  Connery,  of  the  Baldwin  Loco- 
motive Works,  deserves  honorable  consideration 
from  the  mechanics  of  this  country,  for  his 
scientific  and  simple  method  of  dispensing  with  a 
mischievous  article  of  destruction  as  well  as  con- 
struction, and  we  hope  he  may  be  pecuniarily 
benefited  in  the  same  proportion  that  he  has  as- 
sisted the  mechanical  world  in  boiler  construc- 
tion. 

STEEL  PI.ATES — PUNCHING  VS.   DRII.UNG. 

Passing  from  the  consideration  of  the  forego- 
ing points,  to  another  important  branch  of  the 
subject  of  boiler  construction,  we  will  speak 
of  steel  plates  and  their  advantages. 

The  best  steel  plates,  though  quite  mild  in 
quality,  show  entirely  different  results  in  work- 
ing from  wrought  iron. 

Any  attempt  to  do  even  ordinary  flanging  by 
hands  at  more  than  two  heats,  is  liable  to  be  met 
with  failure,  and  one  heat  shows  better  results 
on  the  plate  when  cold. 

The   portion  of  plate  to  be  turned  must   be 
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wholly  exposed  to  the  fire,  and  that  at  as  high 
a  temperature  as  safety  will  admit;  while  good 
wrought  iron  plates  can  be  heated  a  portion  at 
once  in  several  heats  if  desired,  only  a  moderate 
fire  being  necessary. 

In  handling  steel  plates,  if  proper  machinery 
is  used,  it  is  much  better  to  bend  or  turn  at  one 
heat;  the  plate  is  then  perfectly  safe  from  strain- 
ing or  fracture,  besides  the  chances  of  burning 
are  very  much  reduced.  The  tensile  strength 
of  steel  plate  for  flanging  should  not  exceed 
78,000  lbs.  per  square  inch  of  section,  and  work- 
ing on  this  basis,  a  saving  of  from  20  to  25  per 
cent,  can  be  made  in  the  weight  of  a  boiler, 
where  steel  is  used  instead  of  wrought  iron. 
Another  decided  advantage  in  using  steel  plates, 
is  that  the  rivet  holes  do  not  stretch  under  heavy 
pressure  as  much  as  iron,  a  very  important 
point,  as  it  is  under  any  circumstances  almost 
impossible  ,to  fill  a  rivet  hole  perfectly,  on  ac- 
count of  the  shrinking  of  rivets  while  cooling.  A 
great  deal  is  said  about  the  grip  the  sheets  get, 
by  the  shrinkage  of  the  rivets  in  the  direction  of 
their  length  while  cooling.  This  is  ver>  true, 
and  the  same  law  that  shrinks  them  in  that 
direction,  operates  in  reducing  their  diameters 
to  such  an  extent,  that  seven  out  of  ten  rivets  do 
not  fill  their  holes  when  cold;  and  when  you  add 
the  stretching  of  an  iron  punched  sheet  to  this 
difficulty,    you  have  a  riveted  joint,   ripe  for 
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shearing  under  sudden  and  undue  pressures  or 
shocks. 

In  places  where  the  fire  is  in  direct  con- 
tact with  the  boilers,  we  do  not  believe  in  mak- 
ing the  sheets  much  less  in  thickness  than  that 
now  generally  adopted  when  iron  is  used  in  con- 
struction, and  if  corrosion  is  the  same  with  both 
metals  (steel  and  iron),  which  is  doubtful,  the 
thicknesses  must  be  about  the  same  in  each 
case;  but  there  is  very  good  reason  to  believe 
that  the  small  amount  of  carbon  in  steel  will 
prevent  in  a  great  measure  the  wasting  of  the 
sheets  by  bad  feed  water.  This  is  now  a  disputed 
point,  however,  which  will  in  due  time  be  prac- 
tically decided  without  any  serious  clashing  of 
engineering  opinions. 

In  regard  to  the  effect  of  punching  on  steel 
plates,  it  can  be  stated  with  safety  that  steel 
plates  of  suitable  grades  are  far  more  liable  to  be 
injured  by  punching  than  wrought  iron.  Build- 
ers of  steel  boilers,  who  punch  their  plates,  gen- 
erally ream  the  holes  to  a  standard  size  for  rivets, 
or  at  least  they  should  do  so,  and  *if  they  would 
anneal  the  plates  after  punching,  they  would 
further  restore  the  strength,  in  a  great  measure 
destroyed  by  punching. 

But  we  cannot  see  the  use  of  punching  steel 
plates,  and  then  adding  another  expense  in  two 
extra  operations  to  get  the  plates  back  to  any- 
thing near  their  original  strength.     We  believe 
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that  all  steel  plates  should  come  from  the  rolling 
mill  annealed  to  their  proper  working  condition, 
as  the  mills  are  fitted  with  annealing  furnaces  or 
ovens  constructed  on  scientific  plans,  and  most 
of  our  boiler  shops  are  lacking  in  this  particular 
at  least.  Then,  in  preparation,  they  should  be 
drilled  by  a  machine  similar  to  one  designed  by 
Mr.  W.  H.  Hoffman,  the  eminent  engineer.  This 
machine  carries  twelve  drills,  vertically  arranged, 
of  course,  in  a  carriage  which  is  automatically  fed 
downward  with  an  adjustable  feed,  drilling  twelve 
holes  at  one  operation,  the  drills  being  returned 
after  the  down  stroke  by  a  quick  automatic  return 
motion.  The  drills  can  be  spaced  or  separated 
from  I  ^  to  2^  inches  from  center  to  center.  The 
tables  for  holding  plates  are  also  moved  auto- 
matically and  by  hand  when  desired. 

Eight  years  ago  Mr.  Hoffman  proved,  to 
the  satisfaction  of  several  of  our  expert  boiler 
makers,  the  correctness  of  the  principle  of  drill- 
ing both  steel  and  wrought  iron  plates,  by  de- 
signing and  constructing  an  automatic  universal 
machine  for  drilling  and  tapping  locomotive  fire 
boxes,  screimng  in  the  stay-bolts,  and  then  cut- 
ting them  off.  We  believe  the  machine  is  now 
at  the  celebrated  Brooks  Locomotive  Works. 
It  is  thoroughly  portable,  being  on  small  trucks, 
and  is  adjustable  in  every  direction,  the  drill 
traveling-head  having  three  motions,  and  is  fitted 

with  a  universal  ball  chuck  for  holding  drills, 
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stay-bolts,  and  cutting-oflF  tool.  The  machine 
is  furnished  with  universal  clamps  for  holding  it 
to  a  great  variety  of  work  outside  of  boiler  con- 
struction; in  fact,  it  is  a  boiler  and  machine  shop 
tool,  power  being  transmitted  to  it  by  a  small 
rope. 

When  the  improved  machine  tools  in  boiler 
making  once  get  a  firm  foot-hold,  the  wonder 
will  be  that  they  were  not  adopted  years  ago, 
for  they  certainly  have  been  talked  about  and 
dreamed  over  for  more  than  a  dozen  years. 
When  they  are  finally  accepted  as  standard  tools, 
the  boiler  will  then  be  on  the  same  plane  of  perfec- 
tion in  the  matter  of  construction  as  the  engine, 
and  its  life  will  be  materially  lengthened,  and 
the  boiler  builder  will  be  as  proud  of  the  finish 
and  accuracy  of  his  work  as  our  modern  engine 
builder  of  to-day. 

When  wrought  iron  plates  are  used  and 
punched,  the  drilling  machine  should  have  come 
into  play,  reamers  being  inserted  in  the  place  of 
drills,  and  the  holes  finished  to  a  standard  size. 
Without  this  precaution  the  boiler  is  an  imper- 
fect one. 

Steam  riveting  can  be  applied  to  wrought  iron 
sheets  with  safety,  but  the  hydraulic  process 
should  always  be  used  on  steel  plates,  and  as  lit- 
tle hand  riveting  along  with  it  as  possible. 
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RIVETING  AND  STAYING. 

It  has  been  determined  by  many  experiments 
that  the  use  of  steel  rivets  increases  the  cost  of 
construction,  by  reason  principally  of  the  loss  by 
overheating  and  burning,  while  in  hammering 
they  often  chill  so  rapidly  that  the  heads  are 
easily  knocked  off;  this  trouble  showing  itself 
even  when  mild  steel  is  used.  A  steel  rivet 
should  only  be  used  where  the  system  of  machine 
riveting  is  on  the  hydraulic  plan. 

Machine  processes  in  all  cases  close  the  joints 
and  fill  the  holes  better  than  hand  riveting,  as 
the  whole  body  of  the  rivet  is  reached  by  the 
pressure  of  the  machine,  but  we  believe  that  in 
every  kind  of  machine  riveting,  pressure  rings 
surrounding  the  rivet  on  both  sides  of  the  plates 
should  be  used  to  assist  in  bringing  the  joint 
home  and  to  prevent  the  sheets  from  being 
separated  by  the  squeezing  of  the  rivet  while 
very  hot,  in  a  transverse  direction  under  or  be- 
tween the  sheets,  though  in  hydraulic  riveting 
the  pressure  is  sO  gradual  that  the  partial  cool- 
ing of  the  rivet  prevents  it  from  **  bulging  "  and 
separating  the  joints. 

In  drilling  or  reaming  plates  it  is  easy  to 
slightly  round  the  corners  of  holes  on  both  sides 
of  the  sheets,  thereby  reducing  the  tendency  to 
shear  all  of  twenty  per  cent.,  and  punched  holes 
should  have  the  corners  reamed  in  like  manner. 

There  is  one  point  in  the  construction  of  a 
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boiler  that  often  receives  very  slight  attention, 
viz. :  the  forming  or  forging,  and  fastening  of 
crow  feet  or  stay  lugs  to  shell  and  heads.  It  is 
not  a  rare  thing  to  find  crow  feet  forged  of  flat 
bar  iron  strong  enough  to  resist  with  perfect 
safety  a  working  strain  of  40,000  lbs.  fastened  to 
the  shell  of  a  boiler  with  two  ^"  rivets  and 
these  receiving  the  stress  at  an  angle  of  45°. 

We  think  that  a  neat  and  strong  crow  foot 
can  be  dropped  or  rolled  with  two,  three  and 
even  four  webs  to  receive  rivets;  these  can  be 
heated  and  bent  to  any  form  desired.  This 
method  would  certainly  establish  a  uniform 
standard  as  to  strength,  and  would  materially 
reduce  the  cost  of  manufacture  in  the  shop,  be- 
sides the  advantage  in  having  room  for  extra 
rivets. 

The  stays  should  be  of  the  best  material  ham- 
mered from  the  merchant  bar.  Holes  in  the 
ends  rimmed  to  size.  The  stay  pins  should  be 
turned  and  drilled  to  receive  annealed  wire  guard 
pins.  Where  threads  are  used  the  parting  of 
rod  on  which  thread  is  cut  should  be  enlarged, 
so  that  the  bottom  of  thread  will  have  the  same 
sectional  area  as  the  body  of  stay  rod.  Continu- 
ous head  stays  should  have  steel  expansion  col- 
lars to  allow  for  expansion  of  tubes.  Collars 
must  be  of  steel.  Every  stay  rod  should  be  so 
arranged  that  it  can  be  removed  from  the  boiler 
and  examined  and  tested,  and  wherever  pitting 
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and  wasting  are  discovered  the  stay  should  be 
condemned,  and  a  perfect  one  inserted. 

Now  some  boiler  builder  will  say  this  is  all  very 
fine  with  your  hammered  stays,  turned  pins, 
rimmed  holes,  etc.,  but  who  will  pay  for  it?  But 
nevertheless,  my  friend,  this  is  just  what  boiler- 
making  is  coming  to,  and  the  purchaser  will  pay 
for  the  extra  work  and  reduce  his  rate  of  insur- 
ance; and  with  boilers  well  designed  with  a  view 
to  perfect  cleaning  and  inspection,  perhaps  he 
will  not  insure  at  all,  as  he  will  naturally  feel  as 
proud  of  the  boiler  as  of  the  engine,  and  nearly 
every  owner  of  a  good  engine  will  insist  on  its 
being  regularly  inspected  and  cleaned. 

THICKNESS  OF  SHEI.LS,    ETC. 

It  is  seldom  that  we  see  horizontal  boilers  of 
late  construction  less  than  36^'  diameter.  The 
i^''  and  2''  tubes  have  been  supplanted  by  the 
2^",  3"  and  3>^"  sizes. 

A  shell  for  a  36''  boiler,  made  of  iron,  should 
be  J^"  thick,  and  it  is  best  not  to  reduce  this 
thickness,  if  made  of  steel,  for  reasons  already 
mentioned.  The  horizontal  seams  should  be 
double-riveted  always;  rivets  ^''diam.,  pitched 
i^'',  or  i^'^,  from  centre  to  centre.  Close  or 
fine  pitch  of  rivets  insures  tight  joints^  and  does 
not  require  as  much  calking.  Of  course  the 
strength  is  also  increased,  not  only  by  the  addi- 
tional number  of  rivets,  but  by  increased  adhe- 
sion of  the  plates. 
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The  shell  of  the  above-stated  size  of  iron  will 
sustain  a  working  pressure  of  loo  lbs.  per  square 
inch,  and  of  steel  125  lbs.  per  square  inch. 
Boiler  heads,  in  both  cases,  ^^"  thick.  Shells 
48"  diameter,  of  iron,  should  be  ^^''  thick,  but 
J^"  will  answer,  if  made  of  steel;  rivets  pitched 
i^"  and  tV  diameter;  double-riveted  boiler 
heads  y',''  in  both  cases;  working  pressure,  in 
both  cases,  90  lbs.  per  square  inch. 

For  shells  66"  diameter  of  iron  the  thickness 
should  be  ^^",  and,  if  of  steel,  ^"  thick;  rivets 
pitched  2''  and  ^"diameter;  boiler  heads  of  iron 
^"  thick,  of  steel,  ^^  thick;  working  pressure,  in 
both  cases,  85  lbs.  per  square  inch.  Shells  96'' 
diameter  should  be  |/'  thick,  of  iron,  and  ^^  of 
steel;  rivets  pitched  2^^''  and  ^"  diameter, 
double  riveted;  boiler-heads  of  iron  ^^"thick;  of 
steel,  ^"  thick.  Working  pressure,  80  lbs.  per 
square  inch. 

Where  flues  are  used  instead  of  tubes,  a  12" 
iron  flue  should  be  ^"  thick.  If  of  steel,  ^Sg" 
should  be  the  thickness  for  100  lbs.  working 
pressure  in  both  cases.  For  a  36"^?^^,  cornish 
or  internal  fire  styles,  the  thickness  of  iron 
should  be  5^'',  and  of  steel  ^j^",  provided  the 
length  is  no  more  than  22  feet.  Flues  over  24'' 
in  diameter  should  never  be  made  longer  than 
eight  diameters,  and  those  from  15"  up  to  24" 
in  diameter  no  more  than  twenty  diameters  in 
length,  and  seventeen  to  one  is  nearer  the  abso- 
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Iiite  safety  point,  considering  the  flues,  of  course, 
as  exposed  to  external  pressure,  the  working 
standard  of  the  36''  flue  being  80  lbs.  per  square 
inch. 

Large  flues  must  be  thick,  as  they  cannot  be 
properly  stayed  if  thin^  without  making  the  in- 
side of  boiler  a  wilderness  of  stay  rods  and  bolts, 
thereby  cutting  off  the  availability  of  thorough 
cleaning.  Increasing  the  thickness,  therefore, 
will  dispense  with. a  great  deal  of  staying. 

Boiler  explosions  are  occurring  daily.  Two  and 
three  in  a  single  day  is  not  a  rare  notice  in  the 
daily  papers,  and  among  these  are  many  new 
boilers.  What  is  the  cause  of  these  terrible 
accidents?  We  hear  of  a  tug  boat  being  blown 
to  atoms,  all  on  board  perishing.  The  same  day 
a  locomotive  sends  destruction  through  the  air 
at  a  railway  station  without  an  instant's  warn- 
ing. The  boat  and  the  locomotive  were  both  in 
charge  of  reliable  and  competent  men.  Again 
we  ask.  What  is  the  cause  ?  Is  it  not  faulty  or 
careless  construction  and  proportion?  We  think 
most  of  the  trouble  can  be  charged  to  these 
causes — not  altogether  from  a  lack  of  knowledge 
of  design  and  strength  of  material,  but  really 
from  a  fixed  idea  of  false  economy,  which  seems 
to  have  a  firm  hold  on  the  purchasers.  We  have 
an  abiding  faith  in  the  judgment  of  out  American 
mechanics  and  constructors,  and  believe  that,  if 
they  can  only  get  a  fair  price  for  their  work,  they 
will  give,  in  return,  a  safe  and  durable  boiler. 
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SPACING  RIVETS,   WIDTH  OF  I.APS,    ETC. 

On  a  previous  page  where  we  mentioned  the 
pitching  of  rivet  holes,  we  referred  mainly  to 
steel  sheets,  and  wholly  to  drilled  holes.  Where 
punching  is  the  system  used  in  construction,  the 
rivet  (pitch  remaining  the  same)  should  be  in- 
creased fifteen  per  cent,  for  steel  sheets,  and 
twenty  per  cent,  for  iron  sheets. 

Arranging  the  rivet  holes  for  double  riveting, 
and  adopting  the  triangular  form,  or  zig-zag 
pitch,  the  sides  of  the  triangle  should  never  be, 
equal,  but  the  base  on  lower  row  must  be  that  of 
two  right-angled  triangles,  forming,  of  course,  a 
triangle  whose  perpendicular  is  one-half  the 
whole  base.  Therefore  in  the  case  of  ^/'  steel 
plates  (96"  shell)  using  ^  rivets  (double  riveted 
joint)  the  pitch  according  to  standard  before 
mentioned,  measured  on  the  hypothenuse,  will 
be  2^*  while  the  whole  pitch  at  the  base  will 
be  3".  The  perpendicular  distance  between 
rows,  of  course,  will  be  i^'^  and  the  lap  or 
total  width  of  joint  can  be  now  fixed,  as  the  dis- 
tance from  rivet  hole  to  edge  of  sheet  will  be  one 
and  one-quarter  times  the  diameter  of  rivet;  so 
the  joint  or  lap  will  be  4^3/'  wide.  Now  a  wide 
joint  adds  strength  to  a  boiler,  and  requires  but 
very  moderate  caulking  when  closed  up  with  a 
hydraulic  riveter. 

The  great  object  to  be  reached  when  putting 
plates  together  is  to  have  the  shearing  strength 
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of  a  double  row  of  rivets  equal  to  the  remaining 
section  in  the  sheets.  The  tendency  to  rupture 
at  the  sheet  is  most  at  the  section  under  the 
rivet,  or  from  the  hole  to  the  edge  of  sheet. 
Many  boiler  makers  fix  this  distance  less  than 
the  diameter  of  rivet.  This  method  is  wrong, 
and  is  liable  to  split  or  rupture  at  this  point,  as 
the  rivet  is  acting  like  2l' blunt  wedge  to  force  the 
metal  apart.  The  excessive  driving  of  steel 
drifts  to  *'line"  the  holes  has  a  very  weakening 
effect  at  the  point  between  the  hole  and  edge  of 
sheet,  and  is  one  of  the  worst  and  "wickedest" 
tools  of  a  boiler  maker's  **kit."  This,  and  the 
old  sharp  cornered  caulking  tool,  should  be 
abolished,  as  there  are  more  ways  than  one  to 
make  rivet  holes  'Mine." 

In  fastening  stays  for  crown  sheets  and  large 
internal  flues  or  flat  surfaces,  the  riveting  of 
holding  lugs  or  crow  feet  must  be  well  distri- 
buted. The  strains  must  not  be  concentrated  on 
the  shell  of  any  boiler.  Instead  of  lugs  and 
crow  feet,  bars  of  T-iron  should  be  used,  rivited 
with  tolerably  fine  pitch  to  the  roof  of  shell,  so 
that  the  whole  arch  will  receive  the  strain,  and 
the  shell  consequently  be  strengthened  by  the 
T-iron. 

Now  while  a  boiler  is  under  a  static  force,  con- 
stant pressure,  it  is  all  right;  but  when  that 
force  is  turned  into  a  dynamic  current,  and  that 
current  is  intermittent,  with  pulsations  ranging 
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in  number  fifty  to  four  hundred  and  fifty  per 
minute,  then  the  conditions  are  vastly  different. 
As  we  note  these  pulsations  indicated  on  the 
steam  gauge  by  a  fall,  twice  in  the  revolution,  of 
from  one  to  five  pounds,  we  pass  the  poor  old 
boiler  without  even  a  glance  while  it  is  going 
through  the  same  range  of  pulsations  as  the  steam 
gauge  pointer;  the  only  difference  being  that 
while  it  does  no  harm  to  the  gauge,  it  on  the 
other  hand  has  a  very  injurious  effect  on  the 
shell.  Take  the  case  of  the  locomotive  that  ex- 
ploded a  few  years  ago  on  the  Morris  and  Essex 
Railroad  at  Hoboken.  Allowing  this  engine  to 
have  run  five  hours  each  day,  with  an  average 
revolution  of  drivers  of  150  per  minute,  this 
would  subject  the  shell  to  180,000  pulsations 
per  day,  and  if  there  was  bad  bracing  the  laws 
relating  to  the  fatigue  of  metals  must  certainly 
have  asserted  their  rights.  We  believe  the  sheet 
ruptured,  in  the  explosion  mentioned  here,  was 
near  the  crown  sheet,  a  little  to  one  side  of  cen- 
tre, and  received  the  crow-feet  lugs  in  a  straight 
horizontal  line,  just  below  where  was  a  double 
riveted  side  seam  very  stiff"  in  itself.  The  action 
then  was  to  buckle  the  sheet  at  each  pulsation 
as  the  cylinders  took  steam,  between  the  side 
seam  and  crow  feet;  the  stays  and  double  seam 
below  being  the  two  fulcrums.  The  parting  of 
sheet  in  t7vo  places,  one  very  near  the  crow  feet 
and  one  near  the  double  seam,  establishes  the 
correctness  of  this  theory. 


PROPORTION  AND  CONSTRUCTION.  215 

HEATING  SURFACE. 

The  evaporative  power  of  all  boilers  must  be 
measured,  of  course,  by  the  efficiency  of  their 
surface  exposed  to  the  fire  in  transferring  the 
heat  from  without  the  plates  to  the  water  within 
them.  Heat  reaches  the  plates  by  radiation  and 
contact.  The  contact  comes  from  the  solid 
fuel,  the  radiation  from  the  flames  and  gases. 

Water  has  a  weak  conducting  power,  and,  if 
heat  is  applied  to  its  upper  surface,  it  does  very 
little  toward  warming  the  water  beneath,  and, 
for  this  reason,  the  heat  should  be  applied  to  the 
bottom  of  any  vessel  to  produce  the  most  effect 
as  to  evaporation.  In  case  the  enclosure  is  sur- 
rounded by  water,  the  heat  being  applied  from 
within,  the  greatest  amount  of  evaporation  takes 
place  at  the  top  of  casing.  Where  the  water  is 
within  and  the  fire  without,  the  best  surface  is 
the  curved!  style  of  crown  sheet  of  a  locomotive 
boiler.  The  next  best  surface  is  the  horizontal 
plate,  though  seldom  used  on  account  of  its 
weakness  in  design.  The  next  in  efiiciency  is 
the  large  cylindrical  tubular  boiler  shell  (the 
under  side),  where  the  heat  first  strikes  it.  The 
top  inside  surface  of  tubes  and  flues  has  also  high 
evaporative  power.  The  bottom  of  a  tube  or 
flue  evaporates  very  little  water,  as  the  water 
will  not  leave  the  under  side  of  the  tube  unless 
driven  away  by  forced  circulation.  With  a  3>^'' 
tube  there  is  six  times  more  water  evaporated 
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directly  over  the  tube  than  at  a  point  directly 
under  it,  while  the  sides  of  the  tube  will  evapor- 
ate a  little  more  than  one-third  of  the  quantity 
evaporated  at  the  top  of  tube.  We  are  now 
speaking  of  boilers  that  pass  the  heat  through  the 
tubes.  Then,  again,  the  heat  does  not  travel  in 
true  parallel  lines  through  the  tubes,  but  has 
wave  curves^  with  a  decided  tendency  to  hug  the 
upper  side  of  tubes. 

Where  the  water  is  in  the  tubes,  and  the  fire 
and  heat  around  them,  the  order  of  things  is  re- 
versed, and  the  bottom  side  of  tubes  i»  the  most 
powerful  generator,  the  top  side  yielding  a  very 
small  evaporative  duty. 

Sectional  boilers,  with  water  tubes  inclined  to 
induce  circulation,  give  the  greatest  evaporative 
power,  biit  the  life  of  them  is  much  shorter  than 
the  shell  and  fire  tube  system.  A  properly  pro- 
portioned and  constructed  fire  tube  boiler  will 
evaporate  from  9^  to  10  lbs.  of  water  per  i  lb. 
of  coal,  and  a  good  sectional  water  tube  boiler 
will  evaporate  between  11  and  12  lbs.  of  water 
per  one  pound  (i  lb.)  of  coal,  both  systems  work- 
ing under  the  same  conditions  as  to  grate  surface, 
firing,  feeding,  etc. 

The  shell  fire  tube  boiler  will  last,  with  ordi- 
nary care  and  fair  feed  water,  twenty-five  years, 
and  very  little  repairing  will  be  needed  during 
that  time;  but  a  sectional  boiler  of  same  capa- 
city will  fail,  with   the  best  of  care  and   fee<? 
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water,  inside  of  twelve  years,  and  frequent  re- 
pairs will  be  necessary  at  the  joints  and  connec- 
tions. 

We  speak  of  the  sectional  water  tube  boiler 
as  it  is  generally  designed  and  constructed. 
Further  on  we  shall  speak  of  the  sectional  sys- 
tem at  length,  though  we  will  here  say  that  we 
believe  that  no  water  tube  should  be  less  than  5" 
in  diameter;  else,  when  arranged  on  the  sec- 
tional plan,  the  water  will  be  driven  from  the 
lower  courses  of  tubes  and  the  metal  burned  to 
an  injurious  degree.  When  a  shell  fire  tube 
boiler  is  well  designed  and  proportioned,  nine 
(9)  square  feet  of  heating  surface  will  produce  a 
horse  power,  with  an  allowance  of  one  (i)  square 
foot  of  grate  surface  for  every  thirty-two  (32) 
square  feet  of  heating  surface. 

FIXING  THE  NUMBER  OF  TUBES. 

We  have  already  stated  that  most  of  the  boil- 
ers now  in  operation  have  too  many  tubes  for 
the  best  economy. 

This  conclusion  was  reached  by  Mr.  Hoffman 
by  actual  experiment.  Of  fifteen  boilers  experi- 
mented on,  all  using  well  proportioned  heaters, 
and  above  the  average  steaming  coal,  only  two 
gave  an  evaporation  of  nine  pounds  of  water  per 
pound  of  fuel,  and  only  one  Qx^ths  pounds.  Four 
touched  8^4  pounds,  two  8^^,  and  the  remaining 
six  ranged  from  8  down  to  7^,  which  was  the 
lowest. 
19 
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The  highest  evaporation  was  reached  with  a 
66''  boiler,  containing  sixty-six  3>^"  tubes,  four- 
teen feet  long;  eight  of  the  lower  courses  of 
tubes,  and  four  of  the  side  courses  being  pur- 
posely closed  at  each  end.  Before  the  change 
was  made,  this  boiler  gave  an  evaporation  of  8/^ 
pounds  to  one  of  the  fuel,  and  after  the  change 
the  evaporation  was  9/^  pounds. 

Before  the  change  the  tube  area  was  jVff  of  the 
grate  surface,  and  after  the  change  jV^  was  the 
area  compared  with  grate. 

The  heating  surface  before  the  change  was  39 
to  one,  compared  with  grate,  and  after  the 
change,  35^  to  one.  The  temperature  at  the 
flue  leading  to  chimney  (chimney  120  feet  high) 
before  the  change  was  462°;  by  the  change  this 
was  raised  to  540°,  and  the  damper  was  shifted 
from  three^fourths  open  to  half  closed.  The  ve- 
locity of  the  hot  air  was,  before  the  change, 
about  122  feet;  after  the  change,  this  was  in- 
creased to  136  feet  per  second.  This  goes  to 
show  that  before  the  change  there  was  too  much 
tube  area  for  the  grate  (although  the  grate  sur- 
face was  a  little  too  small).  The  extra  amount 
of  tube  surface  offering  too  much  resistance,  by 
friction  caused  the  currents  of  hot  air  to  be  slug- 
gish, and,  of  course,  the  temperature  fell  below 
the  economical  point,  and  the  heat  did  not  im- 
pinge on  the  sides  of  the  tubes  with  a  sufficient 
degree  of  intensity.     We  think  it  is  generally 
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conceded  that  the  gases  cannot  leave  the  boiler ^-^^/^  j 
at  a  point  below  520^,  without  impairing  the  ^^  /, 
draught  power  of  the  chimney. 

In  the  case  under  notice,  this  power  measured 
in  inches  of  water  1.112;  this  was  after  the  num- 
ber of  tubes  had  been  reduced.  The  cold  air 
entered  at  about  70°. 

Therefore,  we  believe  that  the  tube  area  should 
be  about  \  of  the  grate  area,  and  sub-divided  as 
little  as  possible,  consistent  with  good  circulation, 
and  making  no  tube  more  than  48  diameters  long. 

The  boiler  giving  the  lowest  evaporation  had 
a  42-inch  shell,  and  contained  seventy  2%  V 
tubes,  staggered  tubes  being  fourteen  feet  long. 
This  boiler  was  primed  continually,  and  none  of 
the  usual  remedies  seemed  to  affect  it.  The 
tubes  were  ^  of  an  inch  apart,  and,  under  or- 
dinary firing,  a  vibration  of  the  tubes  could  be 
noticed,  caused,  of  course,  by  the  forced  currents 
of  water  through  cramped  passages. 

Other  boilers  with  sixty- four  3^  inch  tubes 
18  feet  long,  gave  only  an  evaporation  of  8^ 
pounds;  and  of  those  with  3"  tubes,  16  feet 
long  (60"  shell),  74  tubes  gave  8  pounds,  and 
one  of  the  same  size  with  tubes,  staggered  or 
zig-zag,  7^V  pounds. 

The  fuel  in  all  cases  was  hard  coal  of  various 
brands,  of  quite  uniform  quality.  Buck  Mountain 
Lehigh  being  used  in  the  case  of  60"  shell,  74 
tubes,  16  feet  long,  and  the  66"  shell,  54  tubes,  14 
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feet  long.  The  number  of  tubes  for  a  certain 
diameter  of  shell  is,  therefore,  limited,  for  sev- 
eral reasons.  Among  these  is  the  matter  of  gi^fat-c 
area.  A  line  representing  a  point  equidistant 
between  }  and  j  the  total  area  of  grate  has 
proved  to  be  the  most  efficient,  as  connected 
with  the  ordinary  factory  chimney.  Then  there 
is  the  matter  of  uniform  and  free  circulation  of 
the  water  in  the  boiler,  and  having  too  many 
10. .       ^      tubes  prevents  the  much  desired  result. 

'     The  gases  must  have  a  free,  and,  to  a  certain 
extent,  rapid  passage  through   the  tubes,  and 
1  must  not  flow  at  a  velocity  less  than  132  feet  per 
second,  where  they  leave  the  boiler. 

Then  another  item  that  has  been  overlooked, 
is  the  amount  of  water  capacity  at  the  points 
where  the  heat  is  the  most  intense. 

Boilers  with  tubes  too  near  the  bottom  and 
sides  of  shell  repel  the  water,  instead  of  convert- 
ing it  into  steam,  and  in  so  doing  retard  the  cir- 
culation almost  entirely  at  the  surfaces,  where 
most  of  the  steam  is  or  should  be  generated; 
hence,  the  low  evaporative  power  of  this  style. 

Besides,  the  trouble  with  too  many  tubes,  is 
ikit^  great  trouble  of  cleaning;  having  poor  circu- 
lation, the  deposits  collect  with  alarming  rapid- 
ity, and  in  a  short  time  the  boiler  is  as  good  as 
ruined;  and  it  cannot  be  reclaimed,  as  it  is  impos- 
sible to  clean  it. 

There  is  just  one  remedy,  and  that  is  to  re- 
move some  of  the  tubes. 
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In  support  of  this  theory  regarding  large  tubes, 
and  a  limited  number  of  them,  we  will  call  to 
the  minds  of  engineers  who  practised  twenty 
years  ago,  the  stationary  return  drop  flue  boilers, 
used  so  extensively  at  that  date  in  the  Eastern 
States.  A  66^'  shell  boiler  would  take  the  gases 
direct  from  the  furnace  through  four  fiues^  and 
return  them  to  the  front  connection  through  two 
fines.  Their  average  evaporation  was  9  to  i; 
but  they  were  expensive  to  build,  and  rather 
weak  in  construction  at  some  points. 

SHELLS  AND  TUBES 

The  shells  for  all  fire  tube  boilers  should  be  as 
large  as  consistent  with  safety,  at  the  ordinary 
working  pressures,  in  order  to  expose  as  large  an 
area  of  water  level  as  possible,  as  this  will  help 
to  prevent  priming. 

In  regard  to  heating  and  grate  surface,  our 
proportion  is  from  32  to  34  square  feet  of  heating 
surface  to  one  (i)  square  foot  of  grate  surface  or 
area. 

Under  no  circumstances  more  than  36  square 
feet  of  heating  surface  to  one  (i)  square  foot  of 
grate  with  natural  draught. 

The  combined  tube  opening  should  be  no  more 
than  one-fifth  the  total  grate  area,  and  not  less  \ 
than  one-eighth  of  the  same.  The  tube  opening 
should  never  with  natural  draught  be  subdivided 
more  than  sixty  times,  and  fifty-four  tubes  will 
generally  give  the  best  results. 
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We  should  make  the  length  of  tubes  never 
more  than  6fty  diameters,  and  forty-eight  diam- 
eters is  a  good  standard  for  length. 

As  far  as  safety  is  concerned,  the  plain  cylin- 
drical fire  tube  boiler  is  not  surpassed,  as  the 
records  of  boiler  explosions  will  show  upon  in- 
vestigation. 

There  are  many  of  this  style  of  boilers  that 
have  been  in  constant  use  for  over  twenty  years, 
and  they  are  safer  to-day  than  several  other  kinds 
entirely  new. 


Figs.  34,  35,  36  show  a  working  drawing  for  a 
aoo  H.  P.  boiler  from  a  design  by  Wm.  H.  Hoff- 
man, M.  E.)  Passaic,  N.  J. 
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The  tube  opening  is  sub-divided  fifty-four 
times.  The  boiler  has  no  steam  dome,  a  liberal 
sized  dr}'  pipe  being  substituted  for  dome. 

In  the  setting  it  will  be  noticed  that  there  are 
two  side  walls  on  each  side  of  the  boiler,  with  an 
air  space  of  3"  between  them.  The  bridge  wall 
is  hollow  and  wide,  the  space  admitting  a  suffi- 
cient quantity  of  air  to  the  combustion  chamber, 
just  behind  the  bridge  wall,  to  ignite  any  of  the 
escaping  gases. 

The  heat  after  leaving  the  front  end  of  the 
tubes  passes  over  the  top  of  boiler  shell  to  main 
chimney  flue,  there  being  a  thin  layer  of  asbestos 
on  the  shell  to  protect  it  from  any  undue  rise  in 
temperature.  It  will  be  noticed  that  the  brick 
work  does  not  touch  the  boiler  at  any  point,  they 
being  separated  by  thin  cast  iron  plates. 

The  buck-staves  are  made  of  wrought  channel 
iron  instead  of  cast  iron,  with  the  flat  face 
toward  the  brick  work. 

The  double  wall  system  will  prevent  cracking, 
and  is  a  great  source  of  economy,  as  the  air  space 
becomes  a  perfect  non-conductor. 

Two  doors  are  introduced  in  the  fronts  for  con- 
venience  of  attending  to  fires,  but  there  is  no 
partition  in  the  furnace.  The  boiler  can,  by  the 
peculiar  method  of  arranging  tubes,  be  thor- 
oughly cleaned  inside  as  well  as  outside. 

Fig.  2)1  shows  the  Babcock  and  Wilcox  water 
tube  sectional  boiler,  which  has  a  world  wide  re- 
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putation  as  the  best  boiler  of  that  type  yet 
brought  out.  For  a  full  description  write  to 
Messrs  Babcock  and  Wilcox,  {New  York  City) 
for  a  copy  of  their  valuable  little  book  called 
' '  Steam. ' '  They  will  send  you  a  copy  free  of 
cost 


Fig.  37. 

Babcock  and  Wikox's  Sectional  Boiler. 

This  boiler  consists  of  a  series  of  inclined 
wrought  iron  tubes  connected  by  T  heads, 
which  form  the  vertical  water-channels  at  each 
end.  The  joints  are  faced  by  milling  them,  and 
then  ground  so  perfectly  tight  that  a  pressure  of 
500  pounds  to  the  square  inch  is  insufficient  to 
produce  leakage.  No  packing  is  used.  The 
fire  is  made  under  the  front  and  higher  end  of 
the  tubes,  and  the  products  of  combustion  pass 
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Up  between  the  tubes  into  a  combustion-chamber 
under  the  steam  and  water  drum;  hence  they 
pass  down  between  the  tubes,  then  once  more  up 
through  the  space  between  the  tubes,  and  off  to 
the  chimney.  The  steam  is  taken  out  at  the 
top  of  the  steam-drum,  near  the  back  end  of  the 
boiler.  The  rapid  circulation  prevents  to  some 
extent  the  formation  of  deposits  or  incrustations 
upon  the  heating-surfaces,  sweeping  them  away 
and  depositing  them  in  the  mud-drum,  whence 
they  are  blown  out.  Rapid  circulation  of  water, 
as  has  been  shown  by  Prof.  Trowbridge,  also  as- 
sists in  the  extraction  of  the  heat  from  the  gases, 
by  the  presentation  of  fresh  water  continually,  as 
well  as  by  the  prevention  of  incrustation. 


CHAPTER  XL 

UNITED  STATES  GOVERNMENT  GENERAL  RULES 
AND  REGULATIONS   FOR  STEAM  (mARINE) 

BOILERS. 

1.  Every  iron  or  steel  plate  intended  for  the 
construction  of  boilers  to  be  used  on  steam-ves- 
sels shall  be  stamped  by  the  manufacturer  in  the 
following  manner:  At  the  diagonal  corners,  at  a 
distance  of  about  four  inches  from  the  edges, 
and  at  or  near  the  centre  of  the  plate,  with  the 
name  of  the  manufacturer,  the  place  where 
manufactured,  and  the  number  of  pounds  tensile 
strain  it  will  bear  to  the  sectional  square  inch. 

2.  Whenever  inspectors  shall  find  a  plate  of 
iron  or  steel  with  stamps  differing  as  to  the  ten- 
sile strength  of  the  material,  they  shall  rate  the 
tensile  strength  of  the  same  in  accordance  with 
the  lowest  stamp  found  thereon. 

3.  To  ascertain  the  tensile  strength  of  plates, 

a  piece   shall  be  taken  from  each   sheet   to   be 

tested,  the  area  of  which  shall  equal  one-quarter 

of  one  square  inch  on  all  plate  ^^^  inch  thich  and 

under;  and  all  plate  over  ^^  inch  thick  the  area 

shall  equal  the  square  of  its  thickness;  and  the 

force  at  which  the  piece  can  be  parted  in  the 

direction   of  the  fiber  or  grain,   represented  in 

pounds   avoirdupois — the  former  multiplied  by 

(227) 
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four,  the  latter  in  proportion  to  the  ratio  of  its 
area — ^shall  be  deemed  the  tensile  strength  per 
square  inch  of  the  plate  from  which  the  sample 
was  taken;  and  should  the  tensile  strength  as- 
certained by  the  test  equal  that  marked  on  the 
plates  from  which  the  test-pieces  were  taken,  the 
plates  must  be  allowed  to  be  used  in  the  con- 
struction of  marine  boilers:  Provided  always^ 
That  the  plates  possess  homogeneousness,  tough- 
ness, and  ability  to  withstand  the  effect  of  re- 
peated heating  and  cooling;  but  should  these 
tests  prove  the  plates  to  be  overstamped,  the  lots 
from  which  the  test-plates  were  taken  must  be  re- 
jected as  failing  to  have  the  strength  stamped 
thereon.  But  nothing  herein  shall  be  so  con- 
strued as  to  prevent  the  manufacturers  from  re- 
stamping  such  plates  at  the  lowest  tensile 
strength  indicated  by  the  samples,  provided  such 
restamping  is  done  previous  to  the  use  of  the 
plates  in  the  manufacture  of  marine  boilers. 
'  4.  Local  inspectors  are  required  to  make  and 
send  to  the  supervising  inspectors,  with  every 
sample  of  iron  or  steel  to  be  tested,  their  certifi- 
cate that  the  sample  sent  for  testing  was  cut  from 
the  plate  or  plates  to  be  used  in  the  boiler  desig- 
nated. And  the  manufacturer  of  any  boiler  to 
be  used  for  marine  purposes  shall  furnish  the  in- 
spectors an  affidavit  in  the  following  form,  sub- 
scribed to  either  by  himself  or  authorized  agent 
having  superintendence  of  the  construction  of 
such  boilers : 
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awtdavl't  ok  manufacturer  of  marine  steam-boicers. 

County  of , 

Siaie  of ,  ss: 

On  this  day  of ,  A.  D.  1 88 — ,  personally  ap- 
peared before  me,  a  notary  public  in  and  for  the  county  of 

and  State  of ,  Mr. ,  who, 

being  duly  sworn,  deposes  and  says  that  he  is  of 

,  boiler  manufacturer,  and  that  the  accompany- 
ing samples  of  ,  manufactured  by ,  of 

,  were  cut  from  plates  stamped T.  S.,  which  are 

to  be  used  in  the  construction  of  a  marine  boiler  for , 

i»iid  no  plate  of  less  tensile  strength  or  quality  than  herein 
specified  will  be  used  in  the  construction  of  said  boiler,  the 

dimensions  of  which  will  be ,  and  of  the  style  known 

as ,  to.  be  used  upon  the  steamer . 


Swokti  and  subscribed  to  before  me  this day  of 

I88— .  


Notary  Public, 

6.  To  ascertain  the  ductility  and  other  lawful 
qualities,  iron  of  45,000  pounds  tensile  strength, 
and  under,  shall  show  a  contraction  of  area  of  15 
per  cent.,  and  each  additional  1,000  pounds  ten- 
sile strength  shall  show  one  per  cent,  additional 
contraction  of  area,  up  to  and  including  55,000 
T.  S.  Ironof  55,000  T.  S.  and  upwards,  show- 
ing twenty-five  per  cent,  reduction  of  area,  shall 
be  deemed  to  have  the  lawful  ductility.  All  steel 
plate  of  one-half  inch  thickness  and  under  shall 
show  a  contraction  of  area  of  not  less  than  fifty 
(50)  per  cent.     Steel  plate  over  one-half  inch  in 

thickness  shall  show  a  reduction  of  not  less  than 
20 
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forty-five  (45)  per  cent.  Provided^  however^  That 
steel  plate  required  for  repairs  to  boilers  built 
previous  to  April  i,  1886,  may  be  used  for  such 
repairs  when  showing  a  contraction  of  area  of  not 
less  than  forty  (40)  per  cent. 

7.  In  the  following  table  will  be  found  the 
width — expressed  in  hundredths  of  an  inch — that 
will  equal,  near  enough  for  practical  purposes, 

one-quarter  of  one  square  inch 
of  section  of  the  various  thick- 
nesses of  boiler-plates  • 


A^^X 

133 

.26  X  96 

.35  X  71 

.21  X 

119 

.29  X  86 

W  X  67 

.23  X 

109 

tV^X  80 

A^^X  57 

X^'X 

100 

•33  X  76 

Yz^'y.  50 

8.  The  gauge  to  be  em- 
ployed by  inspectors  to  deter- 
mine the  thickness  of  boiler- 
plates, and  the  widths  in  the 
table,  will  be  any  standard 
American  gauge  furnished  by 
the  Treasury  Department. 

9.  All  samples  intended  to 
be  tested  on  the  Riehl^,  Fair- 
banks, or  other  reliable  test- 
ing-machine, must  be  pre- 
pared in  form,  according  to 
the  diagram   herewith,   viz., 

2^  eight  inches  in   length,  two 
inches  in  width,   cut  out  at 
their  centers  in  the  manner  indicated: 
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id  All  tests  made  of  boiler  material  must  bs 
recorded  upon  a  table  of  the  following;  form  : 

mNSlLE  TESTS  OF  SAMPLES  OF  MATERIAt  INTENDED  TO  BR 
EMPWIVED  IN  THE  CONSTRUCTION  OF  BOILERS  OF  STEAM- 
VESSELS  MADE  ON  
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(l)  PRESSURE  ALLOWABLE  ON  BOILERS  OF  VARI- 
OUS DIMESIONS  BUILT  PRIOR  TO  FEBRUARY 

28,  1872. 
L  Boilers  built  prior  to  February  28,  1872, 
shall  be  deemed  to  have  a  tensile  strength  of 
50,000  pounds  to  the  sectional  square  inch, 
whether  stamped  or  not,  and  shall  be  tested 
under  the  rule  prescribed  for  boilers  inspected 
under  the  provisions  of  section  36  of  the  act  re- 
lating to  boilers  built  after  the  28th  of  February, 
1872. 
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3.  The  pressure  for  any  dimension  of  boilers 
must  be  ascertained  by  the  following  rule,  viz: 

Multiply  one-sixth  (i)  of  the  lowest  tensile 
strength  found  stamped  on  any  plate  in  the 
cylindrical  shell  by  the  thickness — expressed  in 
inches  or  parts  of  an  inch — of  the  thinnest  plate 
in  the  same  cylindrical  shell,  and  divide  by  the 
tadius  or  half  diameter — ^also  expressed  in  inches 
— and  the  sum  will  be  the  pressure  allowable 
per  square  inch  of  surface  for  single  riveting,  to 
which  add  twenty  per  centum  for  double-rivet- 
ing. 

4.  The  hydrostatic  pressure  applied  must  be  in 
proportion  of  one  hundred  and  fifty  pounds  to 
the  square  inch  to  one  hundred  pounds  to  the 
square  inch  of  the  steam  pressure  allowed. 

5.  Where  flat  surfaces  exist,  the  inspector 
must  satisfy  himself  that  the  bracing  and  all 
other  parts  of  the  boiler  are  of  equal  strength 
with  the  shell,  and  he  must  also,  after  applying 
the  hydrostatic  test,  thoroughly  examine  every 
part  of  the  boiler. 

6.  No  braces  or  stays  hereafter  employed  in 
the  construction  of  boilers  shall  be  allowed  a 
greater  strain  than  six  thousand  (6,000)  pounds 
per  square  inch  of  section,  and  no  screw  stay 
bolt  shall  be  allowed  to  be  used  in  the  construc- 
tion of  marine  boilers  in  which  salt  water  is 
used  to  generate  steam.  But  such  screw  stay 
bolts  may  be  used  in  staying  the  fire-boxes  $ind 


RULES  AND  REGULATIONS.  2^3 

furnaces  of  such  boilers,  and  not  elsewhere,  when 
fresh  water  is  used  for  generating  steam  in  said 
boilers. 

7.  Plates  of  iron  or  steel,  used  in  the  construc- 
tion of  boilers,  extending  beyond  the  cylindrical 
shell  to  the  front  of  the  boiler  over  the  furnaces, 
shall  extend  at  least  12  inches  below  the  centre 
of  the  shell,  and  shall  not  be  of  less  tensile 
strength  or  thickness  than  the  adjoining  sheets 
in  the  cylindrical  portions  of  the  shell. 

RIVETED  FLUES. 

8.  Flues  having  a  diameter  of  from  6  inches 
to  7  inches  shall  have  a  thickness  of  material  of 
not  less  than  .  18  of  an  inch,  and  if,  in  the  opin- 
ion of  the  inspectors,  it  is  deemed  safe,  be  allowed 
a  steam  pressure,  according  to  the  thickness  of 
material,  as  follows: 

Thickness  of  material,  .18  .19,  .20,  .21. 

Pressure  in  pounds,  189,  194,  199,  204. 

Flues  having  a  diameter  of  over  7  inches,  and 
not  over  8  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .  20  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  the  material,  as  follows: 

Thickness  of  material.  .20,  .21,  .22,  .23,  .24. 

Pressure  in  pounds,  184,  189,  194,  199,  204. 

Flues  having  a  diameter  over  8  inches,  and 
not  over  (^  inches,   shall  have  a  thickness  of 
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material  of  not  less  than  .21  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows: 

Thickness  of  material,  .21,  .22,  .23,  .24,  .25, 
.26. 

Pressure  in  pounds,  179,  184,  189,  194,  199, 
204. 

Flues  having  a  diameter  over  9  inches,  and 
not  over  10  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .21  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows: 

Thickness  of  material,  .21,  .22,  .23,  .24,  .25^ 
.26,  .27.  i 

Pressure  in  pounds,  174,  179,  184,  189,  194, 
199,  204. 

Flues  having  a  diameter  over  10  inches,  and 
not  over  11  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .22  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  shall  be 
deemed  safe,  may  be  allowed  a  steam  pressure, 
according  to^the  thickness  of  material,  as  fol- 
lows: 

Thickness  of  material,  .22,  .23,  .24,  .25,  .26, 
.27,-  .28,  .29. 

Pressure  in  pounds,  169,   174,  179,    184,  189, 

194,  199,  204. 
Flues  having  a  diameter  over  11  ino.hes,iaiid 
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not  over  I2  inches,  shall  have  a  thickness  of 
Hiaterial  of  not  less  than  .22  of  an  inch,  and  if, 
iu  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows : 

Thickness  of  material,  .22,  .23,  .24,  .25,  .26, 
.27,  .28,  .29,  .30. 

Pressure  in  pounds,  164,  169,  174,  179,  184, 
189,  194,  199,  204. 

Flues  having  a  diameter  of  over  12  inches,  and 
not  over  13  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .23  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  shall  be 
deemed  safe,  may  be  allowed  a  steam  pressure, 
according  to  the  thickness  of  material,  as  fol- 
lows : 

Thickness  of  material,  .23,  .24,  .25,  .26,  .27, 
.28,  .29,  .30,  .31,  .32. 

Pressure  in  pounds,  159,  164,  169,  174,  179, 
184,  189,  194,  199,  204. 

Flues  having  a  diameter  over  13  inches,  and 
not  over  14  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .24  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows : 

Thickness  of  material, .  24, .  25, .  26, .  27, .  28, .  29, 

•3O)  •3X   -32,  .33»  -34- 

Pressure  in  pounds,  154,   159,  164,  169,  174, 

179,  184,  189,  194,  199,  204. 
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Flues  having  a  diameter  over  14  inches,  and 
not  over  15  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .25  of  an  inch,  and  if, 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  the  thickness  of  material,  as  follows : 

Thickness  of  material,  .25,  .26,  .27,  .28,  .29, 

•30)  '3^^  -32,  -33.  •34>  -35- 

Pressure   in   pounds,   147,   152,  157,  162,  167, 

172,  177,  182,  187,  192,  197. 

Flues  having  a  diameter  over  15  inches,  and 
not  over  16  inches,  shall  have  a  thickness  of 
material  of  not  less  than  .27  of  an  inch,  and  if^ 
in  the  opinion  of  the  inspectors,  it  is  deemed 
safe,  may  be  allowed  a  steam  pressure,  according 
to  thickness  of  material,  as  follows : 

Thickness  of  material,  .26,  .27,  .28,  .29,  .30, 

•3I)  -32,  .33)  -34,  .35,  -36. 

Pressure   in  pounds,   140,   145,  150,  155,   160, 

165,  170,  175,  180,  185,  190. 

LAP-WELDED  FLUES. 

9.  Lap-welded  flues,  16  inches  and  not  less 
than  7  inches  in  diameter : 

To  determine  the  pressure  per  square  inch 
allowable  on  lap-welded  flues  18  feet  and  less  in 
length,  multiply  the  thickness  of  material  in 
hundredths  of  an  inch  by  the  constant  whole 
number  44,  and  divide  the  product  by  the  radius 
of  the  diameter  of  the  flue  in  inches;  the  quotient 
will  be  the  pressure  allowable. 
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44  =  C,  constant. 
T  =  thickness. 

R=*  Radius  of  diameter  in  inches. 
P  =  pressure  allowable. 

Formula:  — ^^ — =P. 
EXAMPLE. 

Length  of  flue,  i8  feet;  diameter  of  flue,  14 
inches;  thickness  of  material,  ^^y. 
Constant,  44. 

Then, =  I95lbs.,  pressure  allowable. 

For  every  foot  or  fraction  thereof  over  18  feet, 
deduct  three  pounds  •per  square  inch  from  the 
pressure  allowable  on  a  flue  18  feet  in  length  or 
add  yj^  of  an  inch  to  the  thickness  of  material 
required  for  a  flue  18  feet  in  length  for  every  3 
feet  or  fraction  thereof  over  18  feet. 

To  determine  the  thickness  of  material  for 
any  required  pressure,  multiply  the  pressure  in 
pounds  by  the  radius  of  the  diameter  of  the  flues 
in  inches,  and  divide  the  product  by  the  constant 
44;  the  quotient  will  be  the  thickness  required. 

,     PXR     ^ 

Formula :  — p—  =  T. 
EXAMPLE. 

Required  the  thickness  of  material  for  a  flue 
18  feet  in  length  and  14  inches  in  diameter,  re- 
quiring a  working  pressure  of  195  pounds  to  the 
square  inch. 
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I95V7 

—   -  -  =  31  -|-,  thickness  required. 
44 

The  thickness  of  lap-welded  flues  shall  not  be 
less  than  the  product  of  the  constant  2.26  multi- 
plied by  the  diameter  of.  the  flues  in  inches, 
which  will  express  the  thickness  in  hundredths 
of  an  inch. 

Formula :  C  X  I>  =  T,  minimum  thickness. 

EXAMPLE. 

Required  the  least  thickness  allowable  for  a 
lap-welded  flue  14  inches  in  diameter: 

30.80 

2.20  X  14  =  '7:zrt  least  thickness  allowable. 
^^    ^        100  ' 

Lap-welded  flues  7  inches  and  not  over  16  in- 
ches in  diameter,  over  5  feet  and  not  over  10 
feet  in  length,  shall  be  re-enforced  by  one 
wrought-iron  ring  attached  externally  at  the 
centre  of  the  flue. 

Lap- welded  flues  over  10  feet,  and  not  over  15 
feet  in  length  shall  have  two  wrought-iron  rings 
attached  to  the  flue  externally,  equidistant  be- 
tween the  ends  of  the  flue,  and  there  shall  be 
attached  one  additional  ring  for  every  5  feet  or 
fraction  thereof  over  15  feet  in  length. 

All  such  rings  shall  be  good  and  substantially 
made,  and  properly  and  securely  attached  to  the 
flues,  and  shall  have  a  thickness  of  material  of 
not  less  than  the  thickness  of  the  material  of  the 
flues,  and  a  width  of  not  less  than  2j4  inches: 
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Provided^  however^  Where  such  flues  are  made 
in  lengths  of  not  over  5  feet,  and  fitted  one  into 
the  other,  and  substantially  riveted,  the  wrought- 
iron  rings  may  be  dis'pensed  with. 

Lap- welded  flufes  seven  inches  in  diameter  and 
less,  shall  be  in  accordance  with  the  following 
table  of  thicknesses : 


Diam- 
eter. 

Inches, 

7. 

4>^ 
3>^ 

2  . 


Thick- 

1 

Diam- 

Thick- 

Diam- 

ness. 

eter. 

ness. 

eter. 

Inches, 

Inches, 

Inches, 

Inches, 

.165 

6.   .   .   . 

.165 

5-   .   .  . 

.134 

4.   .   .   . 

.134 

3^.  .  . 

.120 

3^4:.   .   . 

.120 

'3.   .   .   . 

.109 

2>^.    .    . 

.109 

,2«<  .    .    . 

.095 

i^  .   .   . 

.095 

1/4.  .   . 

.072 

I  .   .   .   . 

.072 

Thick- 
ness. 

Inches, 
.148 
.120 
.109 

.095 
.083 


10.  For  cylindrical   boiler  flues  over  16  and 

m 

less  than  40  inches  in  diameter,  the  following 
formulas  shall  be  used  in  determining  the  pres- 
sure allowable : 


Let 


D 

1760 
T  = 

P: 

1760 


D 
.31 


diameter  of  flue,  in  inches. 

A,  constant. 

thickness  of  flue,  in  decimals  of  an  inch. 

pressure  of  steam  aUowable,  in  pounds. 

=  F,  a  factor. 
C,  a  constant. 


Formula : 


FXT 


P. 


EXAMPLE. 

Given  a  flue  twenty  (20)  inches  in  diameter 
and  thirty-seven  one  hundredths  (.  37)  of  an  inch 
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in  thickness;  required  the  pressure  allowable  by 
the  inspectors : 

U^=  F,  a  factor ;  I?^  =  88  =  F;  then  supplying  values 
D  20 

in  the  formula,  ?_><_I  =  p,  we  have  ^^'^^  ^  p,     p^r- 

c  •  .31 

forming  the  operation  indicated,  we .  have  — iS_:17= 105  + 

.31 
lbs.,  pressure  allowable. 

CORRUGATED  FURNACE-FLUES. 

Sec.  id.  The  strength  of  corrugated  flues^ 
when  used  for  furnaces  or  steam-chimneys  (cor- 
rugation not  less  than  i  }4  inches  deep),  and  pro- 
vided that  the  plain  parts  at  the  ends  do  not  ex- 
ceed 6  inches  in  length,  and  the  plates  are  not 
less  than  ^  thick,  when  new  corrugated  and 
practicably  true  circles,  to  be  calculated  from  the 
following  formula: 

£^XT=  pressure. 

T  =  thickness  in  inches. 

D  =  mean  diameter  in  inches. 

EXAMPLE. 

Given  a  corrugated  flue  40  inches  mean  diame- 
ter, j4  inch  thick;  required  the  pressure  allowed 
by  inspectors: 

P=£g5gPxT=^^5ooX.5^625ao_^^    ^^^^^^ 
D  40  40 

II.  The  formulas  for  cylindrical  lap- welded 
and  riveted  flues  in  boilers  to  be  used  as  furnaces, 


* , 
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which  shall  be  used  by  inspectors  in  determin- 
ing the  pressure  to  be  allowed,  shall  be  as  fol- 
lows, viz: 

Let       D  =  diameter  of  flue  in  inches. 
896oo=A,  constant. 

T=thickness  of  flue  in  decimals  of  an  inch. 
L=length  of  flue  in  feet,  not  to  exceed  8  feet. 
P=pressure  of  steam  allowable,  in  pounds. 

Formula  :^^X^=P. 
LXD 

EXAMPLE. 

Given,  a  flue  forty  (40)  inches  in  diameter, 
seven  (7)  feet  in  length,  and  five  (5)  tenths  of  an 
inch  in  thickness;  required  working  pressure  to 
be  allowed: 

Substituting  values  in  the  formula,  and  per- 
forming the  operation  indicated,  we  have — 

p  ,89600  X  T^  ^89600  X  .25 ^,gg4op,^  lbs.  pressure. 
LXD  7X40  280  ^ 

Provided^  That  if  rings  of  wrought-iron  are 
fitted  and  riveted  properly  on,  around,  and  to  the 
flues,  in  such  manner  that  the  tensile  strain  on 
the  rivets  shall  not  exceed  6,000  pounds  per 
square  inch  of  section,  the  distance  between  the 
rings  shall  be  taken  as  the  length  of  the  flue  in 
the  formula. 

EXAMPLE. 

Given,   a  flue  forty  (40)  inches  in  diameter, 

eight  (8)  feet  long,  and  five  (5)  tenths  of  an  inch 

in  thickness,  having  one  ring  at  the  middle  of 
21 
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its  length;  required  the  pressure  allowable  hf 
the  inspectors. 

Substituting  values  in  the  formula,  and  per- 
forming the  operation,  we  have — 

P  =-_896cx3 XT^_896oo X^ _ ??4oo_x40  lbs.  pressure 
I.XD  4X40  160       ^  ' 

12.  The  feed-water  sliall  not  be  admitted  into 
any  boiler  at  a  temperature  less  than  one  hun- 
dred degrees  Fahrenheit  for  low-pressure  boilers,, 
and  one  hundred  and  eighty  for  high-pressure 
boilers. 

13.  Whenever  steamers  use  a  pressure  upon 
their  boilers  exceeding  sixty  pounds  to  the 
square  inch,  they  shall  be  inspected  as  high- 
pressure  steamers  and  designated  as  such. 

14.  Vertical  tubular  boilers  shall  not  be  used 
on  steamers  navigating  the  Red  River  of  the 
North  and  rivers  whose  waters  flow  into  the 
Gulf  of  Mexico,  unless  the  water-line  is  2  inches 
above  the  upper  end  of  the  tubes  and  fire-line. 

15.  All  steamers  navigating  rivers,  having 
boilers  externally  heated,  shall  have  a  clear 
space  of  not  less  than  six  inches  between  the 
boilers  and  wood-work  on  either  side,  and  four 
inches  on  the  top  of  said  boilers. 

16.  All  steamers  navigating  the  ocean,  sounds, 
lakes,  bays,  and  rivers,  the  boilers  of  which 
shall  be  internally  heated,  shall  have  a  clear 
space  of  at  least  four  inches  on  either  side,  and 
at  the  top  not  less  than  two  inches  clear  space 
above  the  covering  of  the  boilers. 
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17.  All  boilers  hereafter  placed  in  steamers 
shall  have  a  clear  space  of  at  least  eight  inches 
between  the  under  side  of  the  cylindrical  shell 
and  the  floor  or  keelson. 

All  man-holes  for  the  shell  of  boilers  shall 
have  an  opening  not  less  in  diameter  than  11  by 
15  inches  in  the  clear,  except  that  boilers  less 
than  34  inches  diameter  of  shell  have  an  open- 
ing in  the  clear,  in  man-holes,  of  not  less  than  9 
by  14 J^  inches;  all  boiler  shells  between  34  and 
and  38  inches  diameter,  an  opening  not  less 
than  9  by  16  inches,  and  all  boiler  shells  be- 
tween 38  and  48  inches  in  diameter,  an  opening 
not  less  than  11  by  15^^  inches. 

18.  All  wood-work  or  other  ignitible  substance, 
approaching  within  two  inches  of  the  boiler, 
shall  be  suitably  sheathed  with  metal,  so  ad- 
justed to  permit  a  free  circulation  of  air  between 
the  sheathing  and  the  ignitible  surface. 

19.  All  boilers  shall  have  a  clear  space  at  the 
back  and  ends  thereof  of  two  feet  opposite  the 
back-connection  door.  Slip-joints  in  steam- 
pipes  shall,  in  their  working  parts,  when  the 
steamer  is  to  be  employed  in  navigating  salt 
water,  be  made  of  copper  or  composition. 

20.  There  shall  be  fastened  to  each  boiler  a 
plate  containing  the  name  of  the  manufacture 
of  the  material,  the  place  where  manufactured, 
the  tensile  strength,  the  name  of  the  builder  of 

■  the  boiler,  when  and  where  built. 
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21.  Every  sea-going  steamer  earning  passen- 
gers shall  be  supplied  with  an  auxiliary  or  don- 
key boiler  of  sufficient  capacity  to  work  the  fire- 
pumps. 

22.  All  steamers  shall  have  inserted  in  their 
boilers  plugs  of  Banca  tin,  at  least  one-half  inch 
in  diameter  at  the  smallest  end  of  the  internal 
opening,  in  the  following  manner,  to  wit:  Cyl- 
inder boilers  with  flues  shall  have  one  plug  in- 
serted in  one  flue  of  each  boiler;  and  also  one 
plug  inserted  in  the  shell  of  each  boiler  from  the 
inside,  immediately  before  the  fire  line,  and  not 
less  than  four  feet  from  the  forward  end  of  the 
boilers.  All  fire-box  boilers  shall  have  one  plug 
inserted  in  the  crown  of  the  back  connection,  or 
in  the  highest  fire  service  of  the  boiler.  All  up- 
right tubular  boilers  used  for  marine  purposes 
shall  have  a  fusible  plug  inserted  in  one  of  the 
tubes  at  a  point  at  least  two  inches  below  the 
lower  gauge-cock,  and  said  plug  may  be  placed 
in  the  upper  head  sheet  when  deemed  advisable 
by  the  local  inspectors.  All  fusible  plugs,  un- 
less otherwise  provided,  shall  have  an  external 
diameter  not  less  than  that  of  a  one-inch  gas  or 
steam  pipe  screw-tap,  except  when  such  plugs 
shall  be  used  in  the  tubes  of  upright  boilers; 
plugs  may  be  used  with  an  external  diameter  of 
not  less  than  that  of  a  three-eighths  of  an  inch 
gas  or  steam  pipe  screw-tap,  said  plugs  to  con- 
form in  construction  with  plugs  now  authorized 
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to  be  used  by  this  Board;  and  it  shall  be  the 
duty  of  the  inspectors  to  see  that  these  plugs  are 
filled  with  Banca  tin  at  each  annual  inspection. 

23.  All  steamers  having  one  or  two  boilers 
shall  have  three  suitable'  gauge-cocks  in  each 
boiler.  Those  having  three  or  more  boilers  in 
battery  shall  have  three  in  each  outside  boiler 
and  two  in  each  remaining  boiler  in  the  battery; 
and  the  middle  gauge-cocks  in  all  boilers  shall 
not  be  less  than  four  inches  above  the  top  of  the 
flues,  tubes,  or  crown  of  the  fire-box. 

24.  Lever  safety-valves  to  be  attached  to 
marine  boilers  shall  have  an  area  of  not  less  than 
one  square  inch  to  two  square  feet  of  the  grate 
surface  in  the  boiler,  and  the  seats  of  all  such 
safety-valves  shall  have  an  angle  of  inclination 
of  45  degrees  to  the  center  line  of  their  axis. 

The  valves  shall  be  so  arranged  that  each 
boiler  shall  have  one  separate  safety-valve,  un- 
less the  arrangement  is  such  as  to  preclude  the 
possibility  of  shutting  off  the  communication  of 
any  boiler  with  the  safety  valve  or  valves  em- 
ployed. This  arrangement  shall  also  apply  to 
lock-up  safety-valves  when  they  are  employed. 

Any  spring-loaded  safety-valves  constructed  so 
as  to  give  an  increased  lift  by  the  operation  of 
steam,  after  being  raised  from  their  seats,  or  any 
spring-loaded  safety-valve  constructed  in  any 
other  manner,  or  so  as  to  give  an  effective  area 
equal    to  that  of   the    aforementioned  spring- 
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loaded  safety-valve,  may  be  used  in  lieu  of  the 
common  lever-weighted  valve  on  all  boilers  on 
all  boilers  on  steam  vessels,  and  all  such  spring- 
loaded  safety-valves  shall  be  required  to  have  an 
area  of  not  less  than  one  square  inch  to  3  square 
feet  of  grate-surface  of  the  boiler,  and  each 
spring-loaded  valve  shall  be  supplied  with  a  lever 
that  will  raise  the  valve  from  its  seat  a  distance 
of  not  less  than  that  equal  to  one-eighth  the 
diameter  of  the  valve-opening,  and  the  seats  of 
all  such  safety-valves  shall  have  an  angle  of  in- 
clination to  the  center-line  of  their  axis  of  45 
degrees.  But  in  no  case  shall  any  spring-loaded 
safety-valve  be  used  in  lieu  of  the  lever-weighted 
safety-valve,  without  first  having  been  approved 
by  the  Board  of  Supervising  Inspectors. 

The  first  paragraph  of  this  section  applies  to 
valves  constructed  in  material,  workmanship  and 
principle  according  to  the  drawings  for  a  safety- 
valve  printed  with  these  rules,  and  all  common 
lever  safety-valves  to  be  hereafter  applied  to  the 
boilers  of  steam  vessels  must  be  so  constructed. 

When  this  construction  of  a  safety-valve  is 
applied  to  the  boilers  of  steamers  navigating 
rough  waters,  the  link  may  be  connected  direct 
with  the  spindle  of  the  valve:  Provided  always^ 
That  the  fulcrum  or  points  upon  which  the  levee 
rests  are  made  of  steel,  knife  or  sharp  edged,  and 
hardened;  in  this  case  the  short  end  of  the  lever 
should  be  attached  directly  to  the  valve-casiug» 
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In  all  cases  the  link  requires  but  a  slight  move- 
ment, not  exceeding  one-eighth  of  an  inch. 

All  the  points  of  bearing  on  lever  must  be  in 
the  same  plane. 

The  distance  of  the  fulcrum  must  in  no  case 
be  less  than  the  diameter  of  the  valve-opening. 

The  length  of  the  lever  should  not  exceed  the 
distance  of  the  fulcrum  multiplied  by  ten. 

The  width  of  the  bearings  of  the  fulcnim  must 
not  be  less  than  three- fourths  (^)  of  one  inch. 

The  length  of  the  fulcrum  link  should  not  be 
less  than  four  inches. 

The  lever  and  fulcrum  link  must  be  made  of 
wrought-iron  or  steel,  and  the  knife-edged  ful- 
crum points  and  bearings  for  the  points  must  be 
made  of  steel  and  hardened. 

The  valve,  valve-seat,  and  bushings  for  the 
stem  or  spindle  must  be  made  of  composition 
(gun-metal)  when  the  valve  is  intended  to  be  at- 
tached to  a  boiler  using  salt  water;  but  when  the 
valve  is  to  -be  attached  to  a  boiler  using  fresh 
water,  and  generating  steam  of  a  high  pressure, 
the  parts  named,  with  the  exception  of  the  bush- 
ings for  the  spindle,  may  be  made  of  cast-iron. 

The  valve  must  be  guided  by  its  spindle,  both 
above  and  below  the  ground  seat  and  above  the 
lever,  through  supports  either  made  of  composi- 
tion (gun -metal)  or  bushed  with  it. 

Tlie  spindle  should  fit  loosely  in  the  bearings 
or  supports. 
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When  the  valve  is  intended  to  be  applied  to 
the  boilers  of  steamers  navigating  rough  waters, 
the  fulcrum-link  may  be  connected  directly  with 
the  spindle  of  the  valve;  providing  always,  that 
the  knife-edged  fulcrum  points  are  made  of  steel 
and  hardened,  and  that  the  vertical  movement 
of  the  valve  is  unobstructed  by  any  lateral  move- 
ment. 

In  all  cases  the  weight  must  be  adjusted  on  the 
lever  to  the  pressure  of  steam  allowed  in  each 
case  by  a  correct  steam-gauge  attached  to  the 
boiler.  The  weight  must  then  be  securely  fast- 
ened in  its  position  and  the  lever  marked,  for  the 
purpose  of  facilitating  the  replacing  of  the  weight 
should  it  be  necessary  to  remove  the  same;  and 
in  no  case  shall  a  line  or  any  other  device  be 
attached  to  the  lever  or  weight  except  in  such  a 
manner  as  will  enable  the  engineer  to  raise  the 
valve  from  its  seat. 

Donkey  boilers  used  on  all  steam  vessels  for 
driving  pumps,  hoisting  engines,  electric  lights, 
or  other  purposes,  must  be  inspected  the  same  as 
the  main  steam-boilers,  and  supplied  with  water 
and  steam  gauges,  and  the  safety-valves  must 
comply  with  the  same  regulations  as  the  main 
boilers. 

The  area  of  all  openings  in  boilers  and  con- 
nections leading  from  boilers  to  safety-valves, 
both  the  lever  and  spring-loaded  valves,  used  on 
marine  boilers,  shall  not  be  less  than  the  area  of 
tlie  valve  used  in  said  safety-valve. 
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.  35.  All  steam-gauges  heretofore  in  use  on 
steamers  shall  be  admissible  by  the  inspectors, 
and  other  steam-gauges  hereafter  made,  of  equal 
merit,  shall  be  allowed. 

26.  All  boilers  or  sets  of  boilers  shall  have 
attached  to  them  at  least  one  gauge  that  will 
correctly  indicate  a  pressure  of  steam  equal  to 
80  per  cent,  of  the  hydrostatic  applied  by  the 
inspectors. 

27.  The  appliances  in  use  on  steamers  con- 
structed prior  to  the  28th  of  February,  1872,  for 
determining  the  height  of  water  in  the  boilers 
shall  be  considered  reliable  low-water  gauges. 

28.  There  must  be  means  provided  in  all 
boilers  using  the  'Mow- water  gauges,*'  which 
are  operated  by  means  of  a  float  inside  the  same, 
to  prevent  the  float  from  getting  into  the  steam 
pipe. 

29.  In  applying  the  hydrostatic  test  to  boilers 
with  a  steam-chimney,  the  test-gauge  should  be 
applied  to  the  '^  water-line  "  of  such  boilers. 

30.  All  horizontal  cylindrical  boilers  used  on 
steamers  navigating  the  waters  flowing  into  the 
Gulf  of  Mexico  shall  be  provided  with  a  reliable 
low-water  gauge. 

31.  The  hydrostatic  test  applied  to  the  boilers 
of  towing  freight-boats  on  the  Mississippi  River 
and  its  tributaries  shall  be  in  the  proportion  of 
one  hundred  and  fifty  (150)  pounds  to  one  hun- 
dred pounds  working  steam  pressure  allowed; 
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and  the  inspectors  shall  test  all  such  boilei-s  on 
said  steamers  for  the  amount  of  steam  allowed. 

STEAM  PRESSURE  AI,I,OWED  ON  BOII^ERS. 


Thickness  o( 
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189. 

179.05 
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203. 
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LICENSED  OFFICERS. 

I.  Before  an  original  license  is  issued  to  any 
person  to  act  as  a  master,  mate,  pilot,  or  engi- 
neer, he  must  personally  appear  before  some 
local  board  or  a  supervising  inspector  for  exami- 
nation; but  upon  the  renewal  of  such  license, 
when  the  distance  from  any  local  board  or  super- 
vising inspector  is  such  as  to  put  the  person 
holding  the  same  to  great  inconvenience  and  ex- 
pense to  appear  in  person,  he  may,  upon  taking 
the  oath  of  office  before  any  person  authorized  to 
administer  oaths,  and  forwarding  the  same,  to- 
gether with  the  license  to  be  renewed  and  Gov- 
ernment fee,  to  the  local  board  or  supervising 
inspector  of  the  district  in  which  he  resides  or  is 
employed^  have  the  same  renewed  by  the  said 
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inspectors,  if  no  valid  reason  to  the  contrary  be 
known  to  them ;  and  they  shall  attach  such  oath 
to  the  stub  end  of  the  license,  which  is  to  be  re- 
tained on  file  in  their  office..  And  inspectors 
are  directed,  when  licenses  are  completed,  to 
draw  a  broad  pen  and  red  ink  mark  through  all 
unused  spaces  in  the  body  thereof,  so  as  to  pre- 
vent, so  far  as  possible,  illegal  interpolation  after 
issue. 

2.  The  classification  of  engineers  on  the  lakes 
and  seaboard  shall  be  as  follows: 

Chief  engineers  of  ocean  steamers. 

Chief  engineers  of  lake,  bay,  and  sound  steam- 
ers. 

Chief  engineers  of  river  steamers. 

First  assistant  engineers. 

Second  assistant  engineers. 

Third  assistant  engineers. 

Special  engineers. 

All  steamers  of  over  one  hundreds  tons  burden 
shall  carry  at  least  one  chief  engineer. 

First  assistant  engineers  may  act  as  first  assis- 
tants on  any  steamer. 

Second  assistant  engineers  may  act  as  first  as- 
sistants on  steamers  of  seven  hundred  and  fifty 
tons  and  under,  and  second  assistants  on  any 
steamer. 

Third  assistants  may  act  as  second  assistants 
on  steamers  of  750  tons  and  under,  and  third  as- 
sistants on  any  steamer. 
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Special  engineers  may  be  assigned  to  act  in 
any  capacity  for  which  they  are  qualified  on 
steamers  of  one  hundred  tons  and  under. 

Inspectors  may  designate  upon  the  certificate 
of  any  chief  engineer  the  tonnage  of  the  vessel 
on  which  he  may  act,  and  they  may  also  desig- 
nate any  assistant  engineer  as  special  engineer 
on  steamers  of  one  hundred  tons  or  under,  and 
may  restrict  an  engineer  to  a  particular  vessel. 

3.  Engineers  on  high-pressure  steamers  navi- 
gating rivers  shall  be  designated  as  chief  engi- 
neers (H.  P.),  assistant  engineers  (H.  P.),  and 
special  engineers  (H.  P.). 

Assistant  engineers  may  act  as  chief  engineers 
on  high-pressure  steamers  of  one  hundred  tons 
burden  and  under,  of  the  class  and  tonnage,  or 
particular  steamer  for  which  the  inspectors,  after 
a  thorough  examination,  may  find  them  quali- 
fied. In  all  cases  where  an  assistant  engineer  is 
permitted  to  act  as  first  [chief]  engineer,  the  in- 
spectors shall  state  on  the  face  of  his  certificate 
of  license  the  class  and  tonnage  of  steamers,  or 
the  particular  steamer,  on  which  he  may  so  act. 

4.  It  shall  be  the  duty  of  an  engineer,  when 
he  assumes  charge  of  the  boilers  and  machinery 
of  a  steamer,  to  forthwith  thoroughly  examine 
the  same,  and  if  he  finds  any  part  thereof  in  bad 
condition,  caused  by  neglect  or  inattention  on 
the  part  of  his  predecessor,  he  shall  immediately 
report  the  facts  to  the  local  inspectors  of  the  dis- 
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trict,  who  shall  thereupon  investigate  the  matter, 
and  if  the  former  engineer  has  been  culpably 
derelict  of  duty,  they  shall  suspend  or  revoke  his 
license. ' 

5.  No  original  license  shall  be  issued  to  any 
person  to  act  as  engineer,  except  for  special 
license  on  small  pleasure  steamers,  who  cannot 
read  and  write,  or  who  has  not  served  at  least 
three  years  in  the  engineer's  department  of  a 
steam-vessel,  or  as  a  regular  machinist  in  a 
machine  works;  provided  that  any  person  who 
has  served  for  a  period  of  three  years  as  a  loco- 
motive or  a  stationary  engineer  may  be  licensed 
to  act  as  engineer  on  steam  vessels  after  having 
had  not  less  than  one  year's  experience  in  the 
engineer's  department  of  a  steam  vessel. 

CHANGES  IN  STEAMBOAT  RULES. 

Amendments  Made  by  the  Supervising  In- 
spectors and  Approved, 

Section  5,  rule  5,  has  been  amended  so  that  no 
person  shall  receive  an  original  license  as  engi- 
neer who  has  not  served  at  least  three  years  in 
the  engineer's  department  of  a  steam  vessel,  ex- 
cept locomotive  and  stationary  engineers,  and  a 
regular  steam  engine  machinist;  and  no  person 
shall  receive  a  license  who  is  not  able  to  deter- 
mine the  weight  necessary  to  be  placed  on  the 
lever  of  a  safety-valve  to  withstand  any  given 

pressure  of  steam  in  a  boiler.    By  section  18  the 
22 
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grade  of  an  engineer  or  pilot  shall  not  be  raised 
during  the  term  for  which  the  license  was 
granted  except  by  consent  of  the  board  that 
granted  the  license* 
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CHAPTER  XII. 

TO  FIND    THE   SIZES  (dIAMETER)  OF  CYLINDERS 

FOR  COMPOUND  ENGINES — HORSE  POWER 

REQUIRED — BOILER  PRESSURE  AND 

SPEED  OF  PISTON  BEING  GIVEN. 

Take  for  an  example  say:  horse  power  =  loo; 
initial  pressure  =  60  pounds  (gauge);  and  piston 
speed  400  feet.  First  find  the  number  of  times 
the  steam  is  expanded. 

Rule  :  Divide  the  absolute  initial  pressure  by 
the  terminal  pressure.  The  quotient  will  be  the 
number  of  times  the  steam  is  expanded. 

Thus,  — — —  =  5,  which  is  the  number  of  expansions 
o 
in  both  cylinders. 

The  area  of  the  low  pressure  cylinder  is  the 
same  as  the  area  of  the  cylinder  of  a  simple  cyl- 
inder engine  working  under  the  same  expansion: 
hence  find  the  mean  pressure  ::s  for  a  simple 
cylinder  by  the  following  rule : 

Find  the  hyperbolic  logarithm  for  the  number 
representing  the  expansion,  to  which  add  i,  and 
multiply  the  sum  by  the  terminal  pressure. 

The  product  will  be  the  mean  pressure. 

The  hyp.  log.  of  5  is  1.609,  and  1.609  -f-  i  =» 
2.609,  and  2.609  X  15  =  39  +>  which  is  the  mean 
pressure  in  pounds  per  square  inch. 
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The  area  of  cylinder  is  found  by  the  following 
rule: 

Multiply  33,000  by  the  number  of  horse 
power,  and  divide  the  product  by  the  piston 
speed,  multiplied  by  the  mean  pressure.  The 
quotient  will  be  the  area  of  the  cylinder  in 

inches. 

33000  X  100 
Thus,  y     — =211.5  -}-i  corresponds  to  a  diameter 

of  about  i6>^^^ 

The  diameter  of  high  pressure  cylinder  should 
be  such  as  to  equalize  the  maximum  strains  on 
the  two  pistons;  in  other  words,  the  expansion 
should  be  the  same  in  each  cylinder. 

Hence,  to  find  the  area  of  high  pressure  cylin- 
der: 

Divide  the  area  of  the  low  pressure  cylinder 
by  the  square  root  of  the  number  of  times  the 
steam  is  expanded. 

The  quotient  will  be  the  area  of  the  high  pres- 
sure cylinder  in  inches. 

Thus,  - — =94-5+1  which  corresponds  to  a  diameter 
»    o 
of  about  II''''. 

To  find  the  point  of  cut-off  in  a  high  pressure 
cylinder: 

Divide  the  area  of  the  high  pressure  cylinder 
by  the  area  of  the  low  pressure  cylinder. 

The  quotient  will  be  the  fraction  of  stroke 

which  shouid  be  made  before  steam  is  cut  off. 
94.5 

Thus,  2ii~c'^*44^"l">  which  is  the  point  of  cut-off  in  the 
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high  pressure  cylinder,  measuring  from  the  commencement 
of  the  stroke. 

For  the  problem  submitted  we  have:  Diameter 
of  low  pressure  cylinder,  i6}4^\  diameter  of  high 
pressure  cylinder,  ii>^''. 

Point  of  cut-off  in  high  pressure  cylinder,  .446 
of  stroke. 

This  consideration  of  the  subject  is  purely 
theoretical,  and  expresses  what  ought  to  be 
rather  than  what  is. 

For  instance,  an  allowance  must  be  made  for 
back  pressure,  loss  of  pressure  between  the  cyl- 
inders, friction  of  engine,  etc. 

No  absolute  rule  can  be  given  for  this,  nor 
even  an  approximation,  unless  all  the  details  of 
construction  are  known. 

In  practice  the  dimensions  of  cylinders,  as 
found  above,  would  be  increased  to  an  extent 
which  corresponded  to  the  individual  builder^s 
taste  or  experience. 
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TO   FIND   THE   MEAN   PRESSURE. 

Divide  the  length  of  the  stroke  by  the  length] 
^of  the  space  into  which  the  steam  is  admitted; 
find  in  the  table  the  logarithm  of  the  number 
nearest  to  the  quotient,  to  which  add  i,  the 
sum  is  the  ratio  of  the  gfain;  then  find  the  ter- 
minal pressure  by  dividing  the  initial  pressure 
by  the  proportion  of  the  stroke  during  which 
the  steam  is  admitted,  and  multiply  it  by  the 
logarithm ; -f.  i,  found  as  above;  the  product  will 
be  the  mean  pressure  through  the  stroke. 


No. 

j 
L/Ogarithm.  1 

1 

No. 

Logarithm. 

No. 

trOgarithm. 

1.25 

i 
.22314 

5. 

1.60943 

9.5 

2.25129  . 

1.5 

.40546 

5.25 

1.65^522 

10. 

2.30258 

1-75 

.55961 

5-5 

1.70474 

II. 

2.39789 

2. 

.69314 

5.75  1 

1.74919 

12. 

2.48490 

2.25 

.81093 

6. 

1. 79175 

13- 

2.56494 

2.5 

.91629 

6.25 

1.83258 

14. 

2.63905 

2.75 

1.01160 

6.5 

1. 87180 

15. 

2,76805 

3- 

1. 0986 1 

6.75 

1. 9^954 

16. 

2.7725S 

3.25 

I. 17865 

7. 

I-9459I 

17. 

2.83321 

3-5 

1.25276 

7.25 

1. 98100 

18. 

2.89037 

3-75 

1.32175  1 

1  7-5 

2.01490 

19. 

2.94443 

4. 

1.38629  1 

1  7.75 

2.04769 

20. 

2.99573 

425 

1. 44691   ! 

8. 

2.07944 

21. 

304452 

4.5 

1-50507 

:  8.5 

2.14006 

22. 

3.09104 

4.75 

I.55814 

9. 

2.TQ722 
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Kxample  i.  Suppose  the  length  of  the  stroke 
to  be  48  inches,  the  initial  pressure  to  be  40 
pounds  per  square  inch,  and  the  steam  to  be 
cut  oJBFat  12  inches  of  the  stroke,  what  will  be 
the  mean  pressure  ? 

48  -f-  12  =  4.  Hyp.  log.  of  4,  =  1.38629  +  I 
=  2.38629.  Then  40  h-  4  =  10  x  2.38629  = 
23.8629  pounds,  the  mean  pressure  required. 

Example  2.  Suppose  the  length  of  the  stroke 
to  be  36",  initial  pressure  to  be  50  pounds  per 
square  inch,  and  the  steam  to  be  cut  oflf  at  9"  of 
the  stroke,  what  will  be  the  average  pressure? 

36  -!-  9  =  4.  Hyp.  log.  of  4  =  1.38629  +  I  = 
2.38629.  Then  50  -  4  =  12.5  X  2.38  =  29.75, 
mean  pressure  required. 

This  is  correct  without  taking  the  clearance 
into  account. 

With  the  clearance  added,  the  mean  pressure 
would  be  slightly  greater. 

Or  2d,  by  means  of  the  following  table.  The 
pressures  per  table  are  15  pounds  greater  than 
the  pressure  that  would  be  shown  by  a  correct 
steam-gauge. 

In  the  '* Average  Pressure''  no  deduction  is 
made  for  back-pressure.  Deducting  sixteen 
pounds  for  a  non-condensing  engine  and,  say, 
six  pounds  for  a  condensing  engine,  we  have  the 
mean  effective  pressure. 

For  example,  it  is  required  to  find  the  power 
of  an  engine  twenty  inches  diameter  of  cylinder, 
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running  at  a  piston  speed  of  600  feet  per  minute, 
admitting  steam  of  seventy  pounds  pressure,  by 
gauge^  to  the  cylinder,  and  cutting  off  at  a 
quarter  stroke.  Add  fifteen  to  seventy  to  find 
the  absolute  pressure;  then  against  eighty-five 
and  under  a  quarter  cut*off  the  average  pressure 
is  found  to  be  50.65  pounds.  This,  less  sixteen 
pounds,  gives  54.65  pounds  as  the  mean  effective 
pressure  non-condensing,  and  less  six  pounds, 
44.65  pounds  as  the  mean  effective  pressure  con- 
densing. 

IfiBAN  PRESSURE  OP  STEAM  AT  DIFFERENT  RATES 

OP  EXPANSION. 


1 

Average  pressure  in 

[x>unds 

per  square  inch  for 

\  In  pou 
» inch. 

the  whole  stroke. 

-8. 

Points  in  the  stroke  at  which  steam  is  cut  off. 

"S 

"2 

tV 

1 
Iff 

i 

A 

f 

A 

A 

A 

40 

13-21 

20.87 

23.86    26.22 

29.67 

30.66 

33.86 

36-14 

45 

14.86 

23.48 

26.84    29,73 

3338 

34.89 

38.09 

40.66 

50 

16.51 

26.09 

29.82'  33.03 

37.07 

38.32 

42.32 

45.18 

55 

18.12 

28.57 

32.86    36.67 

40.83 

42.08 

46.47 

49.91 

60 

19.79 

31.02 

35.77    39-23 

44-49 

4598 

50.75 

54.41 

65 

21.49 

33.84 

38.71    42.98 

48.35 

'   49.89 

54-98 

58.96 

70 

23.18 

36.43]  41.73,  46.22 

52.00 

53.52 

59.07 

63.25 

75'  24.72 

39.00,'  44.82.  49.53 

55.73 

57.36 

63.38 

68.00 

80]  26.41 

41.66  47.75!  52.88 

59-41 

61.13 

67.47 

72.45 

85'  28.02 

44-08 

50.65    56.14 

63.17 

65.00 

71.84 

77.00 

90  29.69 

46.89   53.73 

59.43 

66.94 

68.83 

76.00 

81.47 

95  31.34 

49-37 

56.62 

62.81 

70.52 

72.68 

80.16 

86.00 

100 

33.03 

52.00 

59.63 

66.01 

74.23 

76.47 

84.37 

90.57 

no 

36.41 

57.46 

65.87 

72.97 

81.82 

84.12 

93.00 

99.95 

120 

.^9.77 

62.50 

71.84 

79.44 

89.10 

91.98 

101.44 

108.63 

130 

43.01 

67.85 

77.49 

86.00 

96.55 

99.47 

no.  00 

.117.89 

140  46.32 

73.00 

83.38 

92.51 

104.00 

107.21 

118.36 

126.77 

150 

49.731 

78.11 

89.12 

99.04 

1 1 1.63 

114.56 

126.89 

136,00 
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The  table  gives  the  horse  power  for  ecich  pound 
mean  eflfective  pressure. 

The  horse  power  of  a  20"  cylinder,  6cx)  feet 
piston  speed,  is  found  to  be  5.731  for  each  pound 
mean  eflFective  pressure.  Multiplying  this  by 
34-65  gives  198  horse  power  non-condensing,  and 
by  44.65,  255  horse  power  condensing. 


CHAPTER  XIV. 

THE  TRENTON    STEAM  ENGINE.      AUTOMATIC 

CUT-OFF. 

Introdtiction. 

m 

The  Phoenix  Iron  Company,  (Trenton,  N.  J.) 
after  several  years  of  experiment  and  close  ob- 
servation, have  succeeded  in  creating  four  classes 
of  steam  engines,  applicable  to  all  the  varying 
requirements  to  which  prime  motors  may  be 
subject. 

It  is  their  aim  to  furnish  an  engine  designed 

and  constructed  in  accordance  with  modern 
theory  and  practice,  and  containing  all  the  ele- 
ments of  economy,  such  as: 

I.  Strength. 
II.  Simplicity. 

III.  Durability  and  Least  Wear. 

IV.  Economy  in  the  Use  of  Steam. 
V.  Regularity  of  Speed. 

VI.  Fitness  for  its  Work. 

/.  Strength.  « 

Their  engines  are  designed  to  resist  the  great- 
est strains  arising  from  any  manner  of  loading. 
All  parts  are  so  proportioned  as  /o  insure   the 

(263) 
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greatest  durability,  and  to  prevent  tremors  or 
strains. 

They  have  deviated  from  the  proportions  and 
forms  to  be  met  with  in  other  standard  engines; 
a  difierence  made  apparent  by  examination  of 
the  cuts  and  description  in  the  following  pages, 

//.  Simplicity, 

They  have  made  it  a  point  of  the  greatest  im- 
portance to  build  an  engine  containing  the  least 
number  of  parts,  and  the  simplest  elements  of 
mechanical  movements  attainable,  in  construc- 
tion and  design,  such  as  fonn  of  frame  or  bed, 
piston  head,  packing  rings,  cross  head,  guides, 
connecting-rod  ends,  valve  gear,  valves  and  re- 
gulating appliances. 

To  these  parts  of  their  engine  we  invite  special 
attention. 

///.  Durability  and  Least  Wear. 

Whilst  the  rapid  development  of  steam  engi- 
neering of  recent  years  had  led  to  a  higher  rate 
of  speed,  it  has  also  demonstrated  that,  practi- 
cally, there  is  a  limit;  a  limit  which,  if  ex- 
ceeded, leads  to  an  early  destruction  of  the  en- 
gine, after  annoying  halts  and  expensive  re- 
pairs. 

Before  deciding  upon  the  speeds  for  tliek  en- 
gines, they  carefully  observed  the  effects,  upon 
engines,  of  high  speeds  which  had  been  adopted, 
or    rather    attempted,    under    the    now-proved 
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erroneous  impression  that  the  rate  of  speed  of  a 
perfectly  constructed  engine  was  unlimited. 

They  came  to  the  conclusion  that  there  exist 
so  many  unsurmountable  practical  difficulties, 
that  very  high  speed  is  undesirable,  impractica- 
ble,  and  poor  economy. 

The  least  variation  in  the  line  of  the  engine, 
a  slight  settlement  of  the  foundation,  unequal 
wear  of  a  bearing,  or  the  failure  of  unguents  to 
ftow  but  for  a  moment,  will  cause  parts  to  heat, 
wear  and  ultimately  fracture. 

We  have  yet  to  see  the  high-speed  engine  that 
has  continued  to  run  at  the  velocity  originally 
intended. 

Taking  all  these  contingencies  into  considera- 
tion, they  have  been  led  to  adopt  speeds  greater 
than  previously  practiced,  but  less  than  those 
advocated  by  some  contemporary  builders. 

Their  speeds  are  based  upon  experience,  with 
due  regard  to  economy,  comprising  durability, 
continuous  work,  and  the  least  amount  of  fuel. 

The  main  feature  of  their  Balanced  Valre  is  the 
peculiarity  of  its  design,  being  cylindrical,  very 
light,  absolutely  balanced,  having  a  large  wear- 
ing surface,  and  a  combined  sliding  and  rotary 
motion;  thus  insuring  a  continual  change  in 
the  surfaces  of  contact,  and  thereby  avoiding 
the  cutting  or  grinding  away  of  a  soft  spot  by  a 
hard  one  from  the  continuous  action  over  the 
«ame  track. 
23 
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The  sliding  motion,  which  is  positive,  ex* 
hausts  and  cushions  the  steam;  whilst  the  rotary 
motion,  which  is  variable,  depending  upon  the 
point  of  cut-oflF  or  ratio  of  expansion,  admits  the 
steam  to  and  cuts  it  oflF  from  the  cylinder. 

These  valves  have  proved  their  excellence  and 
superiority  over  all  others;  having  been  tried  on 
an  engine  now  running  three  years,  night  and 
day  continuously,  in  a  rolling  mill,  and  being 
as  perfect  now  as  when  first  started. 

IV,  Economy  in  the  Use  of  Steam, 

An  element  of  vital  importance  in  a  steam 
engine  is,  of  course,  the  distribution  of  steam  in 
the  cylinder.  It  embraces  the  least  amount  of 
clearance  or  dead  space,  consistent  with  the 
smooth  running  of  the  engine;  prevention  of  the 
loss  of  heat  from  the  steam  in  the  cylinder;  an 
initial  steam  pressure  in  the  cylinder,  equal  to 
the  boiler  pressure;  a  minimum  back  pressure, 
rapid  action  of  the  admitting  and  cutting-off  edges 
of  the  valve;  a  proper  amount  of  cushioning; 
and  last,  but  not  least,  a  fitness  of  the  engine  for 
-its  work;  its  size  and  the  character  of  the  valve 
gear. 

The  least  amount  of  clearance  depends  upon 
the  careful  designing  of  the  engine,  in  that  the 
valve  seats  shall  be  close  to  the  cylinder,  and 
the  dead  space  between  the  valve  seats  and  the 
end  of  the  piston-head  reduced  to  a  minimum, 
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v^iihont  restricting  the  area  of  the  ports  and  the 
necessary  space  between  the  piston-head  and  the 
head  of  the  cylinder. 

These  valves,  but  two  in  number,  admitting 
and  cutting  off  the  steam  through  one  port  in- 
stead of  two  at  each  end  of  the  cylinder,  have 
enabled  them  to  greatly  diminish  this  clearance, 
by  saving  the  volume  of  steam  required  to  fill 
one  port  at  each  stroke  of  the  engine;  a  most 
important  factor  in  their  favor. 

All  parts  of  the  cylinders  of  these  engines  are 
covered  with  the  most  effective  non-conducting 
material,  to  insure  the  retention  of  heat  and  pre- 
vent liquefaction. 

To  attain  a  high  initial  steam  pressure  in  the  ^^^'< 
cylinders,  the  ports  and  steam  passages  of  these 
engines  are  proportioned  for  a  velocity  of  the 
steam  to  fill  the  cylinders  at  the  maximum  speed 
of  the  engines,  of  not  over  80  feet  per  second; 
at  which  velocity,  the  loss  from  friction  in  the 
steam  pipes  and  passages  is  at  a  minimum,  all 
things  considered. 

The  steam  edges  of  these  valves .  for  large 
engines  being  in  the  form  of  a  helix,  and  having 
a  combined  sliding  and  rotary  motion,  are  made 
to  open  doubly  as  quick  as  those  with  transverse 
or  longitudinal  edges  only;  the  velocity  of  the 
sliding  action  being  equal  to  that  obtained  in  all 
other  engines,  to  which  they  add  the  speed  or 
motion  obtained  from  the  rotary  action;  so  that 
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they  get  full  ports  at  ^%  the  stroke  of  the  piston, 
or  double  the  opening  usually  attainable,  a  re- 
sult of  the  greatest  importance. 

To  obtain  the  same  result,  viz.:  the  quick  ad- 
mission of  steam  through  the  valves  in  their  Class 
C  and  D'engines,  they  use  their  patented,  double- 
ported  valves,  more  fully  described  further  on. 

K  Regularity  of  Speed, 

One  of  the  most  essential  features  of  a  good 
engine  is  regularity  of  speed  under  varying  in- 
tensities of  load. 

They  have  succeeded  in  the  construction  of  two 
different  kinds  of  governors,  applicable  to  their 
diflFerent  classes  of  engines,  absolutely  isoch- 
ronous, and  changing  the  ratio  of  expansion  or 
point  of  cut-off,  with  the  least  change  in  the  load. 

One  is  for  'their  Class  A  engines,  with  a  releas- 
ing or  trip  gear;  and  the  other  (a  centrifugal 
crank-shaft  governor),  for  their  Class  B,  C  and 
D  engines,  with  positive-motion  valves;  the  throw 
off  valves  being  changed,  as  also  the  angular  ad- 
vance of  the  eccentric,  without  the  least  change 
in  the  lead  of  the  steam  edge. 

Both  governors  may  be  set  to  any  desired 
speed,  and  are  not  affected  by  the  friction  from 
the  valve  gear. 

By  actual  test,  these  engines  have  shown  a 
regularity  of  speed  varying  only  3  per  cent,  in 
two  revolutions;  the  variation  of  load  being  80 
per  cent. 
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VL  Fitness  of  an  Engine  for  its  Work, 

It  is  desirable  to  call  the  attention  of  steam' 
users  to  the  great  importance  of  choosing  an 
engine  of  the  proper  size  and  character  of  valve 
gear,  suitable  for  the  work  it  is  intended  for. 

It  would  be  folly  to  purchase  a  fixed  cut-ofF 
engine  for  greatly  varying  loads;  so  also  would 
it  be  poor  economy  to  apply  to  a  small  steady 
load,  an  expensive  automatic  cut-ofF  engine,  or 
one  so  large  that  the  ratio  of  expansion  becomes 
excessive  and  exceeds  the  limits  of  economy. 

Each  case  requires  its  special  engine  of  proper 
proportions. 

Medium  loads,  with  varying  intensity,  requir- 
ing high  rotative  speed,  should  have  a  valve 
gear  cutting  off  the  steam  at  diiferent  points  of 
the  stroke,  automatic  in  its  action,  and  with  a 
positive  motion;  the  releasing  or  trip  action, 
depending  upon  gravity  or  springs  for  imparting 
motion  to  the  valves,  would  be  impracticable. 

For  different  and  varying  needs  of  steam  users, 
are  recommended : 

P  A    /^or  moderately  high  speeds,  varying 

v^ivAbbA.  <y         loads  and  great  power. 

Class  B    /  ^^^    ^^^^    rotative    speeds,    varying 
*  \         loads  and  great  power. 

Class  C    f  For  high  rotative  speeds,  and  small 
AND  D.    \         power. 

All  four  classes  are,  of  course,  applicable  to 
any  speed  and  load. 

To    steam    users    having    objections    to    the 
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modern  tendency  toward  increased  rates  of 
speed,  and  who  do  not  object  to  a  comparatively 
greater  first  cost  of  engine,  we  recommend  their 
Class  A  engines,  which  are  adapted  to  lower 
rotative  speeds  than  Class  B,  C  or  D. 

TRENTON  ENGINE — CLASS  A.      AUTOMATIC 

CUT-OFF. 

General  Description. 

This  engine  is  of  the  automatic  cut-off  type, 
with  balanced  valves,  actuated  by  a  trip  or  re- 
leasing gear. 

It  is  designed  for  variable  heavy  work. 

The  cylinder  and  its  base  are  cast  in  one  piece; 
the  steam  chest,  containing  the  two  balanced 
valves,  being  bolted  thereto. 

The  frame  or  bed  is  cast  together  with  the 
pillow  block  or  main  bearing  and  guides,  and 
bolted  to  the  cylinder  through  flanges  and  head. 

The  crank  pin  and  cross-head  pin  are  of  steel, 
also  the  piston  rod,  and  all  of  very  large  propor- 
tions. The  crank  pin  and  cross-head  boxes  are 
of  phosphor-bronze;  also  the  sliding  pieces  of  the 
cross-head  and  the  side  bearings  of  the  pillow 
block. 

The  valves  are  circular  in  cross  section,  accu- 
rately ground  to  a  true  cylinder  to  closely  fit  the 
bore  of  the  steam  chest,  which  is  very  carefully 
reamed  after  boring. 

They  fit  loosely  upon  the  valve  stem,  and  are 
balanced  endwise  by  means  of  phosphor-bronze 


THE  TRKNTON  STEAM   ENGINE.  2yt 

discs  fastened  to  the  valve  stem,  so  that  the 
pressure  of  steam  cannot  create  any  friction  ot 
wear,  thus  insuring  an  easy  motion. 

The  steam  edges  of  the  valves  are  in  the  form 
of  a  helix,  so  that  the  steam  is  admitted  by  the 
simultaneous  sliding  and  circular  motion,  which 
tends  to  open  the  ports  quickly. 

The  steam  ports  are  widened  towards  the  ex- 
haust ends,  so  that  the  distance  measured  around 
the  bore  of  the  steam  chest  corresponds  to  the 
width  of  the  exhaust  port,  which  equals  the 
diameter  of  the  cylinder. 

The  valves,  which  are  indepenedent  of  each 
other  as  to  circular  motion,  are  rotated  altern- 
ately by  the  reciprocating  motion  of  the  eccentric, 
through  the  eccentric  rod,  rock-arm,  and  the  two 
vertical  valve  stems  which  pass  through  the 
steam  chest. 

The  lower  ends  of  these  stems  are  connected 
to  pistons  working  in  dash-pots,  and  the  upper 
ends  to  the  releasing  or  trip  gear. 

At  about  the  middle  of  these  stems  are  fast- 
ened yokes  carrying  phosphor-bronze  boxes, 
through  which  the  crank  stems  pass,  and  which 
are  fastened  to  and  rotate  the  valves  through  the 
vertical  motion  of  the  stems. 

The  vertical  motion  of  the  stems  is  imparted 
by  means  of  the  above-mentioned  rock-arm ;  the 
horizontal  arms  of  which  carry  phosphor-bronze 
boxes,  which  slide  in  yokes  moving  up  and  dowd 
in  cast-iron  guides. 
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The  cast-iron  guides,  to  which  the  vertical 
valve  stems  are  attached,  are  supplied  with  trig- 
gers,  against  which,  at  each  upward  motion,  the 
yokes  in  the  guides  press;  thus  causing  the 
motion  of  the  rock-arm  to  be  imparted  to  the 
vertical  stems. 

When  the  triggers  come  in  contact  with  the 
levers,  which  are  adjusted  to  different  positions 
by  the  sliding  plates  or  wedges,  which  again  are 
dependent,  for  their  position,  upon  the  speed  of 
the  governor,  they  are  thrown  out  and  the  stems 
are  permitted  to  drop  to  their  lowest  position  in 
the  dash-pots  and  thus  rotate  the  valves,  cutting 
off  the  steam  from  the  cylinder. 

The  point  of  cut-off,  from  nothing  to  full 
stroke,  is  regulated  by  a  parabolic  Watts  gov- 
ernor, which  moves  the  two  sliding  wedges  men- 
tioned above,  against  which  the  triggers  strike, 
earlier  or  later,  in  the  stroke  of  the  piston. 

The  points  of  admission,  exhaust  and  cushion- 
ing, are  readily  adjusted  from  the  outside  of  the 
cylinder,  or  steam  chest,  by  means  of  sleeves  and 
lock-nuts. 

All  bearings  are  bushed  with  hard  phosphor- 
bronze. 

Diagram,  Fig.  38,  illustrates  the  steam  chest, 
ports  and  valves  in  development;  different  posi- 
tions of  the  valves  being  shown,  corresponding 
to  various  points  of  cut-off,  or  stroke  of  piston 
and  eccentric. 
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TRENTON    ENGINE— CLASS  B.      AUTOMATIC   CUT 

OFF. 

General  Description. 

Figs.  44  to  48. 

This  engine  is  similar  in  general  design  to 
engines  of  Class  A,  diflfering,  however,  in  the 
valve  gear  and  governor. 

The  valves,  two  in  number,  are  similar  to 
those  of  Class  A  engines,  except  that  they  are 
fastened  to  the  valve  stem,  having  each  four 
longitudinal  ports  with  steam  edges  jjarallel  to 
axis  of  valve  stem  instead  of  helical. 

The  valves  are  cylindrical  and  balanced  with 
their  axis  parallel  to  center  line  of  cylinder. 
They  have  a  simultaneous  sliding  and  rotary 
motion,  the  sliding  action  operating  to  exhaust 
and  cushion  at  the  outer  ends  of  the  valves,  and 
the  rotary  action  the  admission  and  cutting  oflF 
the  steam  through  the  four  ports  at  the  same 
time. 

The  sliding  motion  is  obtained  by  means  of  a 
positive  eccentric  on  the  crank  shaft,  giving  a 
reciprocating  motion  to  a  duplex  rock-arm, 
which  carries  a  secondary  bell  crank  rock-arm 
operated  by  an  automatic  adjustable  eccentric 
attached  to  the  crank  shaft  governor.  This 
secondary  bell  crank  rock-arm  gives  the  rotary 
motion  to  the  valves,  and  by  its  double  motion 
accelerates  the  opening  of  the  ports  to  admit  and 
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cut  off  the  steam;  so  that  a  full  port  is  obtained 
at  ^  part  of  the  stroke  of  the  piston. 

This  rapid  opening  of  the  ports  is  one  of  the 
most  important  features  of  these  engines. 

All  parts  of  the  valve  gear  are  adjustable  for 
wear  and  are  noiseless. 

The  variation  of  the  point  of  cut-oflf  is  from 
nothing  to  two-thirds  the  stroke. 

The  governor,  which  actuates  the  rotative 
motion  of  the  valve,  is  of  the  * '  crank-shaft  gov- 
ernor" kind,  being  a  disc  attached  to  the  crank 
shaft,  and  which  contains  weight,  having  a  cen- 
trifugal force  from  the  rotation  of  the  shaft,  and 
held  in  equilibrium  by  helical  compression 
springs. 

The  eccentric,  attached  to  the  governor,  has 
a  transverse  sliding  motion  across  the  crank 
shaft,  in  such  a  direction  that  the  point  of  ad- 
mission of  steam  is  unvarying,  no  matter  at 
what  part  of  the  stroke  it  is  cut  off. 

The. adjustment  between  the  centrifugal  force 
of  the  weights,  and  the  resistance  of  the  springs, 
is  so  nicely  provided  for,  that  a  change  in  speed 
of  three  per  cent,  will  cause  a  change  in  the 
position  of  the  weights  equal  to  their  extreme 
range,  or  a  variation  of  the  point  of  cut-off  from 
nothing  to  %  stroke. 

This  insures  regularity  of  speed  under  the 
greatest  variations  of  load. 

This  engine  must  present  itself  most  favorably, 
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the  stroke,  than  is  found  in  any  other  valve  of 
this  character, 

This  insures  the  highest  initial  steam  pressure 
in  the  cylinder,  and  tends  towards  the  greatest 
economy  of  steam,  and  consequently  of  fuel. 

The  speed  and  power  of  this  class  are  regulated 
by  a  centrifugal  governor  on  the  crank  shaft, 
similar  to  that' used  for  Class  B  engines. 

These  engines  are  designed  for  high  speed 
with  a  varying  intensity  of  load.     . 

CLASS  C  ENGINE. 
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TRENTON    ENGINE— CLASS    D.    AUTOMATIC  CUT- 
OFF. 

General  Description. 
Figs.  52  and  53. 

Class  D  engines  differ  materially  from  the 
others.  The  illustrations  fully  explain  the 
design.  The  bed  i)late  is  self-contained,  re- 
quires no  extra  foundation  for  bearings.  Motion 
is  imparted  to  the  crank  shaft  from  two  cylin- 
ders, each  of  which  is  single  acting,  admitting 
steam  at  the  top  only.  The  pistons  are  attached 
to  each  end  of  a  walking-beam,  by  means  of 
piston  rods  having  spherical  ends.  These  work 
in  Babbitt-metal  bearings,  and  adjust  themselves 
to  any  position  they  may  assume;  the  ball  and 
socket  joints  thus  obtained  tend  to  retain  the 
lubricants  and  prevent  cutting. 

The  valves  are  double-ported  rocking  valves, 
similar  to  the  well-known  Corliss  valves,  but 
having  the  auxiliary  port;  the  speed  of  the 
engine  is  controlled  by  a  governor  similar  to 
those  already  mentioned. 

All  parts  can  be  oiled  whilst  running. 

SIZES,  SPEEDS  AND  HORSE-POWERS. 
Classes  A^  B^  C  and  D, 
The  table  on  page  281  gives  the  necessary  data, 
from  which    to  choose   the  size   and   class  of 
engine. 

The  speeds  may  be  varied  to  suit  special  cases. 
Those  given,   and  which  we  recommend,  are 
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consistent  with  the  greatest  economy  in  the  ust 
of  steam. 

Weights  and  dimensions  of  band  or  fly  wheels 
are  not  stated,  because  of  their  great  diversity, 
due  to  different  requirements. 

The  column  headed  '* rated  capacity"  gives 
the  actual  effective  horse-power  (H.  P.)  these  en- 
gines will  develop,  with  the  ratio  of  expansion  or 
point  of  cut-off  within  economical  limits.  As 
will  be  seen,  it  is  considerably  less  than  the 
maximum  power. 

The  horse-powers  given  are  based  upon  a 
boiler  pressure  of  70  lbs.  per  square  inch,  and  a 
modification  of  the  theoretical  mean  effective 
pressure  (M.  E.  P.)  of  the  steam  in  the  cylinder 
throughout  the  stroke,  due  to  diminished  initial 
pressure,  back  pressure,  and  cushioning,  as 
shown  in  the  annexed  table. 

Hence  the  horse-powers  given  represent  the 
actual  power  the  user  may  depend  upon  obtain- 
ing from  these  engines. 

ACTUAI,  AVKRAGB  PRESSURES  OF  STEAM  IN  CYLINDER. 
BOILER  PRESSURE,  70  LBS. 


o 


CO 


36.43.  lbs 
46.22 

6325 


(( 


it 


Percentage  of        Resultant  average 
[.  E.  P.  adopted,  pressure  to  determine 


M.  E.  P.  adopted. 


Classes 
A  and  B. 


85 
85 
85 


Classes 
C  and  D. 


55 
70 

75 


pressure 

actual  power. 


Classes 
A  and   B. 


Classes 
C  and   D. 


30.96  lbs 

39-28 

53.76 


(t 


(I 


20.00  lbs. 

32.35 
47.44 


(t 
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CHAPTER  XV. 

THE  GREENE  AUTOMATIC  CUT-OFF  ENGINE. 

Figs  54-56  show  the  improved  Greene  Auto- 
matic cut-ofF  engine,  of  which  Providence  (R.  I.) 
Steam  Engine  Company  are  the  sole  builders. 

The  bed-plate  is  of  the  girder  pattern,  symmet- 
rical in  appearance,  and  of  ample  strength. 

The  slides  are  cast  separate  and  secured  to  bed- 
plate by  dowels  and  bolts.  The  main  journal 
boxes  are  made  in  four  pieces, and  provided  with 
set  screws  and  check  nuts  which  permit  of  con- 
venient and  accurate  adjustment.  The  governor 
is  of  the  Porter  pattern,  and  is  driven  by  a  flat 
belt  from  the  main  shaft. 

The  valve-gear  is  detachable,  and  is  so  con- 
trolled by  the  governor  that  the  cutting  oflF  may 
be  effected  from  zero  to  three-quarters  of  the 
entire  stroke. 

The  valves  are  four  in  number — two  steam 
and  two  exhaust — ^and  are  of  ih^  flat- side  pattern. 

The  power  which  moves  theni  is  applied 
parallel  to  and  in  line  with  their  seats,  so  that 
they  cannot  rock  or  twist,  thus  obviating  the 
tendency  to  wear  unevenly. 

The  steam-valves  when  tripped  are  shut  by  a 

combined  action  of  a  weight  and  the  pressure  of 
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the  steam  on  the  large  valve-stems,  thereby  In- 
suring a  quick  cut-ofF,  and  the  positive  closing 
of  the  port,  under  all  circumstances  of  speed  and 
pressure. 

The  steam -valves  are  operated  by  toes,  on  the 
inner  ends  of  two  rock-shafts  that  connect  with 
the  valve-stems  outside  the  steam-chest.  The 
outer  ends  of  the  rock-shafts  are  furnished  with 
steel-tipped  toes. 

There  is  a  sliding  bar  carrying  tappets,  which 
receives  a  reciprocating  rectilinear  motion  from 
an  eccentric  on  the  main  shaft. 

Below  the  sliding  bar  is  a  gauge-plate  con- 
nected with  the  governor,  which  receives  an  up 
and  down  motion  from  a  reverse  action  of  the 
governor  balls. 

The  tappets  in  the  sliding  bar  are  attached  to 
the  gauge-plate,  and  elevated  or  depressed  in  the 
bar  by  the  action  of  the  governor. 

As  the  sliding  bar  moves  in  the  direction  of 
the  arrow,  one  of  the  tappets  is  brought  in  con- 
tact with  the  inner  face  of  the  toe  on  the  rock 
lever,  causing  it  to  turn  on  its  axis,  thereby 
opening  the  steam- valve  at  one  end  of  the  cylin- 
der. At  the  same  moment  the  other  tappet 
comes  in  contact  with  the  outer  face  of  the 
other  toe,  and  as  the  surfaces  are  beveled,  the 
toe  is  forced  up  into  the  cocket  until  the  tappet 
passes  under,  when  it  drops  by  gravity  alone 
into  its  original  position,  to  be  operated  upon  in 
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its  turn,  when  the  motion  of  the  sliding  bar  is 
reversed. 

As  a  result  of  this  motion  the  tappets  always 
give  the  valves  the  same  lead,  and  as  the  bar 
moves  in  a  straight  line,  while  the  toe  describes 
the  arc  of  a  circle,  the  tappet  will  pass  by  and 
liberate  the  toe,  which  is  brought  back  to  its 
original  position  by  a  weight,  and  the  steam 
pressure  on  the  large  valve-stem,  which  thus 
closes  the  valve  and  cuts  oflf  the  steam.  The 
liberation  of  the  toes  will  take  place  sooner  or 
later,  according  to  the  elevation  of  the  tappets: 
that  is,  the  lower  the  tappets  are,  the  sooner  the 
toes  will  be  liberated,  and  vice  versa.  By 
the  elevation  or  depression  of  the  gauge-plate, 
the  period  of  closing  the  valves  is  changed,  while 
the  period  of  opening  them  remains  the  same. 
The  adjustment  of  the  gauge-plate  is  eflFected 
directly  by  the  governor. 

Both  the  exhaust- valves  and  seats  are  conven- 
ient of  access,  and  removable  from  the  outside 
of  cylinder.  The  valves  receive  their  motion 
from  a  seperate  eccentric,  thus  allowing  of  easy 
adjustment,  without  interference  with  the  steam- 
valve  mechanism.  All  the  connections  are  on 
the  outside,  are  few  in  number,  and  have  ample 
bearing  surfaces,  insuring  freedom  from  rapid 
wear  and  derangement. 

A  safety  stop-motion  is  combined  with  the 
governor,  preventing  the  admission  of  steam, 
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should  the  governor  belt  run  off  or  break.  The 
cross-head  gibs  are  directly  Opposite  the  centre 
of  pin,  thus  avoiding  any  cross  strain  upon  the 
piston  rod;  a  lack  of  attention  to  this  point  has 
been  the  cause  of  many  serious  accidents. 
THE  GREENE  ENGINE. 


The  steam-ports  are  large,  thus  insuring  the 
full  pressure  of  steam  to  the  point  of  cut-ofF. 

The  engine  is  extremely  sensitive  to  the  action 
of  the  governor,  and  is,  therefore,  particularly 
adapted  to  those  situations  where  perfect  regula- 
tion is  required. 

All  parts  are  well  proportioned,  made  of  the 
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best  material,  accurately  fitted,  and  highly  fin- 
ished. 


Fiff.  56. 

SHOWING  ACTION  OF  STEAM  VAI,VK  GEAR. 

A  A'  are  the  two  rock  levers;  Ji  B'  the  sockets 
attached  to  them  and  within  which  the  toes  A" 
JC  are  contained;  C  C  the  arm  of  the  levers  at- 
tached to  valve-stems;  />  Z"'  the  valve-stems: 
E  E'  the  steara-chest;  /^the  governor  rod;  GC 
the  tappets;  L  the  gauge-plate;  H  gauge-plate 
guide,  andy  the  sliding  bar. 

The  sliding  bar  yis  shown  moving  in  the 
direction  of  the  arrow,  causing  the  tappet  C  to 
operate  upon  the  toe  A^,  giving  an  openingmove- 
ment  to  the  valve-stem  jy,  the  tappet  G  mean- 
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while  passing  under  and  lifting  the  toe  K.  The 
amount  of  opening  of  steam- valves  is  determined 
by  the  height  of  the  tappets  G  C,  the  positions 
of  which  are  always  under  control  of  the  gover- 
nor. The  toes  drop  by  gravity,  no  springs  be- 
ing used,  thus  relieving  the  governor  of  all 
strain  while  tripping. 


CHAPTER  XVL 

AGRICUI.TURAI.  ENGINES. 

Every  large  farm  or  plantation  should  be  sup- 
plied with  its  own  Portable  Steam  Engine,  from 
5  to  15  horse  power,  depending  upon  amount  to  do. 

For  threshing,  ginning,  grinding,  sawing 
wood,  and,  indeed,  anywhere  that  stationary 
horse-power  is  much  used,  the  engine  may  be 
employed  to  good  advantage,  as  it  will  do  more 
work  for  the  same  cost  than  horse-power. 

Portable  Engines  are  among  the  best  made 
ip  America,  and  while  embracing  all  the 
latest  improvements,  they  are  simple  in  con- 
struction, economical  in  fuel,  easily  kept  in 
order,  and  very  durable.  Charcoal  pig-iron  is  used 
in  the  castings  of  engines,  the  connections  are 
made  of  steel  and  bronze,  the  pistons  double- 
ringed  and  self-packing,  and  the  boilers  are  made 
from  charcoal  iron  or  steel,  with  tensile  strain  of 
not  less  than  50,000  pounds;  fire-boxes  always 
of  best  steel. 

In  purchasing  a  steam  engine,  it  is  of  the  first 
importance  to  get  the  best,  made  by  a  responsible 
manufacturer  who  values  his  reputation  too 
highly  to  use  inferior  work  or  material,  as,  aside 
from  the  endless  trouble  and  loss  entailed  by  de- 
fects, there  is  danger  to  life  and  limb. 
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A  good  steam  engine  is  much  more  economical 
than  animal  power  when  in  use,  and,  eating  no 
oats,  costs  nothing  when  idle.  It  will  pay  on 
any  well-conducted  farm  of  100  acres  or  over. 

Steam  power  costs  so  much  less  than  animal 
power,  even  on  the  farm,  that  it  is  only  neces- 
sary to  give  to  the  public  a  good  engine  that  is 
safe,  simple,  and  not  too  expensive,  for  the  steam 
engine  to  become  as  universal  as  the  reaper, 
cotton-gin,  or  thresher.  Such  an  engine  is  as 
sure  eventually  to  take  the  place  of  animal 
power  on  the  farm  as  the  locomotive  has  of  the 
stage-horse. 

Farmers  cannot  afford  to  keep  stock  to  do 
their  work  when  steam  power  can  be  had  at 
these  prices.  A  six-horse  steam  engine  with 
vertical  boiler  costs  $350,  while  six  good  horses 
are  worth,  say,  about  $800,  and  $200  to  $300 
more  annually  for  feed  and  attention.  The 
engine  puts  you  to  no  expense  when  not  in  use, 
and  is  in  no  danger  from  thieves;  horses  must  be 
cared  for  always,  and  will  eat  nearly  as  much 
when  idle  as  when  at  work. 

farquhar's  **ajax"  traction  engine. 

(Fig.  57.) 
The  great  demand  for  traction  engines  has  in- 
duced many  builders  to. undertake  their  manu- 
facture who  have  had  no  experience  in  this  line, 
or  in  fact  very  little  in  the  more  simple  portable 
25 
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engines;  and  the  result  is,  a  great  variety  of  so- 
called  traction  engines  have  been  put  on  the 
market  which  are  poor  specimens  of  mechanism, 
and  must  bring  the  purchaser  only  disappoint- 
ment and  expense. 

It  is  absurd  to  stick  a  few  cog-wheels  on  an 
ordinary  portable  engine  and  call  it  a  traction 
engine.  A  good  traction  engine  is  not  only  self- 
propelling,  but  must  be  able  to  draw  at  least  its 
own  weight  over  almost  any  kind  of  road,  and 
on  a  very  good  road  three  or  four  times  its  own 
weight  would  be  a  fair  load.  To  accomplish 
this  requires  a  road-locomotive  in  the  fullest 
sense  of  the  word,  and  while  there  are  engines 
that  will  do  it,  the  great  majority  of  them  will 
not,  and  some  will  not  pull  an  ordinary  separator 
over  a  good  hill. 

It  is  very  poor  economy  to  buy  such  an  engine 
for  the  sake  of  saving  a  few  dollars.  The  lowest 
priced  machine  is  rarely  the  cheapest. 

The  Farquhar  **Ajax''  Traction  Engine  has 
been  brought  to  a  state  of  perfection  attained  by 
few  others.  A  careful  examination  of  the  illus- 
tration will  show  the  care  with  which  this  engine 
has  been  designed.  All  handles,  levers,  valves, 
etc.,  are  within  easy  reach  of  the  engineer. 

The  boiler  is  supplied  with  an  extension 
smoke-box,  within  whic^i  is  placed  a  regular 
locomotive  spark-catcher,  which  will  prevent 
escape    of    sparks, — a    very   important    thing. 
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Spark-catchers  placed  in  the  top  of  the  stack 
are  good  for  nothing,  as  they  soon  become  so 
clogged  with  dirt  that  the  engineer  is  compelled 
to  remove  them  to  obtain  sufficient  draft,  thus 
leaving  the  engine  without  a  spark-arrester. 

The  boiler,  which  is  the  most  important  part 
of  any  steam  machinery,  is  very  carefully  made. 

The  fire-boxes  are  of  steel  plate  made  especially 
for  the  purpose. 

THE  BOILER. 

They  make  their  traction  engine  boilers  from 
the  best  open-hearth  steel  plates  (the  Pennsylva- 
nia Railroad  Co,,  use  the  same  brand  of  steel  in 
their  locomotives).  By  the  use  of  steel  the 
boiler  will  stand  a  higher  steam  pressure  than 
would  be  safe  with  the  heaviest  refined  iron 
plates.  These  boilers  are  made  with  the  utmost 
care  by  experienced  workmen,  carefully  tested. 

The  crown  sheet  is  powerfully  braced  and  is 
made  with  an  incline  of  several  inches  toward 
the  fire-door  end;  this  makes  it  possible  to  de- 
scend steep  hills  without  the  crown  sheet  becom- 
ing bare.  The  water  glasses  are  placed  at  the 
highest  point,  and  if  water  shows  at  all  in  the 
glass  the  entire  sheet  is  certain  to  be  well  cov- 
ered. The  extension  smoke  box  in  which  the 
spark-catcher  is  placed  is  water-lined;  by  this 
improvement  these  gain  several  feet  of  heating 
surface,  besides  preventing  the  plates  from  burn- 
ing out. 
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The  fire  boxes  are  large  and  long,  with  large 
doors  making  them  good  wood  burners  and 
handy  to  fire.  A  coil  of  cross  tubes  is  placed  in 
top  of  fire  box  which  adds  greatly  to  the  steam- 
ing capacity. 

THE  ENGINE. 

Is  of  the  most  improved  center  crank  pattern. 
The  frame  or  bed-plates  is  very  heavy  and  well 
braced,  to  insure  strength  and  stiffness.  The 
pedestals  are  cast  solid  to  the  frame,  and  are 
made  with  unusually  long  bearings;  the  pedestal 
boxes  are  lined  with  genuine  babbit  metal.  The 
cross  head  is  of  an  improved  pattern,  made  with 
wide  bearing  surfaces,  which  are  protected  from 
dust  and  dirt  by  being  sunk  into  a  recess  in  the 
bed  plate;  this  recess  also  serves  to  hold  the  oil 
around  the  cross-head  slide.  The  connecting 
rod  is  hammered  iron,  forged  solid  at  the  cross- 
head  end;  the  crank  end  has  a  strap  firmly  bolted 
on  with  two  steel  bolts;  provision  is  made  at 
both  ends  for  taking  up  wear  of  boxes,  which 
are  made  of  phosphor  bronze;  these  connecting 
rod  boxes  are  extra  long,  those  for  instance  on 
the  7x10  engine  being  2>^  inches  at  cross-head 
end  and  3  inches  long  at  crank  end. 

The  cylinders  are  made  large,  as  they  think  it 
best  to  have  cylinders  large  enough  to  do  the 
work  without  carrying  such  a  high  pressure  of 
steam. 

They  set  the  safety  valves  to  blow  off  at  115 
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lbs.,  and  we  consider  any  engine  that  requires 
over  that  pressure  to  be  very  badly  constructed 
and  undesirable.  Cylinders  are  made  of  charcoal 
iron  as  hard  as  can  be  worked ;  the  joints  are  all 
ground;  no  gum  is  used,  gum  packing  being 
always  liable  to  blow  out 

The  crank  shaft  is  made  of  steel. 

The  piston  head  has  self-packing  rings,  which 
will  run  for  years  without  leaking,  and,  when 
worn  out,  they  can  be  replaced  at  small  cost  and 
put  in  by  any  one;  the  piston  rod  and  valve  rod 
are  made  of  steel  of  the  best  quality;  in  fact,  all 
parts  of  the  engine  are  the  best  that  can  possibly 
be  made,  as  there  is  nothing  in  the  machinery 
line  that  gets  harder  usage  or  requires  better 
work  than  an  engine  used  for  the  road. 

Correspondents  sometimes  ask,  **How  fast 
will  such  an  engine  travel  ?  How  much  will  it 
pull  over  steep  hills?  How  much  fuel  will  it  re- 
quire per  day,''  etc.,  etc.  These  questions  can* 
not  be  answered  very  definitely  unless  all  the 
conditions  are  known. 

On  a  good  road  six  miles  per  hour  can  be  run, 
but  it  is  ver>^  seldom  that  any  one  should  go  that 
fast;  unless  the  road  is  wide  and  free  from  turns 
the  engineers  will  find  it  very  difficult  to  guide 
properly  at  that  speed,  and  if  care  is  not  taken 
would  get  into  trouble.  Traction  engines  should 
not  be  designed  for  great  speed;  they  are  not  in- 
tended  for  running  races:  whenever  you  gain 
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Speed  you  lose  power.  The  *  *  Ajax ' '  is  calcu- 
lated to  travel  over  ordinary  country  roads  with 
a  load  at  about  the  speed  a  good  team  of  horses 
will  go. 

The  amount  that  they  will  pull  depends  en- 
tirely on  the  condition  of  the  road.  No  traction 
engine  will  pull  much  in  deep  mud  or  sand. 
On  a  hard  road  they  will  pull  another  engine  of 
about  their  own  weight  over  any  ordinary  hill. 
The  engine  is  powerful  enough  to  slip  the  drivers 
on  any  kind  of  road.  The  amount  of  fuel  used 
depends  on  the  kind  of  fuel  and  nature  of  the 
work  done.  The  No.  2  engine,  for  instance,  will 
consume  on  a  day's  ordinary  threshing,  where 
conditions  are  reasonably  favorable,  about  350 
to  400  lbs.  of  bituminous  coal;  if  the  engine  is 
forced  to  its  greatest  capacity  the  coal  consumed 
will  be  more.  The  amount  of  water  for  this  size 
engine  used  in  the  same  length  of  time  will  be 
from  10  to  12  barrels. 

We  consider  the  No.  2,  6)^x9,  or  the  No  3, 
7x10,  the  most  satisfactory  sizes  for  general  pur- 
poses; the  No.  I  engine  is  rather  light  for  gen- 
eral use  and  fast  threshing,  but  is  heavy  enough 
to  successfully  drive  a  30-inch  separator,  while 
the  No.  4  is  rather  large  for  threshing,  but  just 
the  right  size  for  saw  mills. 
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CENERAI.    DIMENSIONS    OF    THE    **AJAX"  TRAC- 
TION ENGINES. 
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FARQUHAR'S    AUTOMATIC    ENGINES.      (FigS.    58 

and  59.) 

These  engines  are  the  invention  of  the  super- 
intendent of  the  engine  department  of  these 
works,  who  has  had  a  long  and  varied  experi- 
ence in  engine  building,  and  whose  reputation 
as  a  reliable  mechanic  and  engineer  has  never 
been  questioned.  In  designing  these  engines 
the  greatest  care  has  been  taken  to  insure  the 
most  satisfactory  results,  every  known  improve- 
ment and  attachment  that  good  mechanical  train- 
ing together  with  years  of  valuable  experience 
could  suggest  has  been  added,  making  an  engine 
that  for  good  workmanship,  fine  finish,  strength 
and  durability,  simplicity  and  handsome  appear- 
ance, is  seldom  equaled  and  never  excelled. 

The  power  of  these  engines  depends  on  the 


A.),  VERTICAL,  AUTOi^, 


jrroMATIC  ENGINE  WITH  C 


Fig.  a».  p,^^ 

B.     FABQUHAR'S     (YORK,     PA.),     HTBAIGHT    I.INB,      (W^ 
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speed  at  which  they  ate  run  and  the  steam 
pressure.  .  The  steam  pipes,  valves  and  con- 
nections on  all  these  engines  are  made  large 
enough  to  supply  steam  for  the  engine  at  its  high- 
est rated  power,  and  the  engines  are  built  with 
the  expectation  that  they  will  be  run  at  the  max- 
imum speed;  all  bearings  being  ample  for  high 
speed  and  long  runs.  Where  circumstances  make 
it  desirable  to  use  a  slower  motion,  no  harm  is 
done  by  having  an  amply  strong  engine. 


PRINCIPAI,  DIMENSIONS  OF  FARQUHAR*S  AUTOMATIC 

ENGINES. 


Horse 
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Fly  Wheel, 
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in    inches. 
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20 
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LOCOMOTIVE    OR    FIRE-BOX    BOILERS   PORTABLE 

WITH    CHARCOAL-IRON  OR   STEEL  SHELLS, 

AND  STEEL  FIRE  BOXES. 

Fig.  62  represents  the  most  approved  style  of 
locomotive  boiler.  It  is  the  custom  with  some 
manufacturers  to  extend  the  fire-box  under  the 
grate,  as  the  boiler  is  easier  to  make  in  this  way, 
requiring  no  frame  at  bottom,  but  experience 
proves  this  addition  of  no  practical  service  and 
very  objectionable,  as  it  becomes  a  receptacle  for 
sediment. 
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At  a  meeting  of 

the  Master  Me- 
chanics' Associa- 
tion of  1881,  But- 
ton-set Riveting 

"•  was  unanimously 
approved.  The* 
sample  of  sheets 
riveted  together  by 
different  methods 
and  cut  to  exhibit 
vertical  sections 
showed  that  the 
button-set  method 
was  superior  to  all 

"  others  known  to 
them  at  that  time. 
Clinch's  Patent 
Rivet-set  (see  ex- 
ample No,  a  rivet- 
ing above)  has 
been  approved  by 
all  master  me- 
chanics who  have 
examined  it.     The 

M  rivet-head  A  is  an 
exact  duplicate  of 
the  original  head, 
which  is  the 
strongest  known. 
A  comparison  of 
the  vertical  line  in 
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head  A  with  other  heads  will  demonstrate  its 
greater  strength.  No.  i  is  a  sample  of  hand- 
riveting,  and  No.  3  of  the  old  style  button-set 
riveting. 


CHAPTER  XVII. 

IMPROVED  CORLISS    ENGINES.      BY  THE  WATTS- 
CAMPBEI.I.  COMPANY,  NEWARK,  N.  J. 

Strength  and  Design, 

Each  size  of  these  engines  is  made  from  its 
own  special  patterns,  which  makes  it  possibly  to 
maintain  correct  proportions.  In  the  design  of 
the  several  sizes,  if  they  have  erred  at  all  it  has 
been  in  the  direction  of  unnecessary  strength 
rather  than  in  the  opposite  direction.  This,  at 
the  most,  can  only  result  in  a  little  additional 
cost  of  material  and  labor,  and  can  be  counted 
but  once;  but  an  error  in  the  opposite  direction 
is  a  constant  cost  to  the  purchaser,  in  decreased 
efficiency,  expensive  break-downs  and  delays, 
and  inferior  durability. 

For  a  given  cylinder  capacity  these  engines 
are  heavy,  but  we  are  satisfied  that  any  reduc- 
tion in  this  respect  would  be  a  direct  loss  to  the 
purchaser,  even  if  the  price  were  regulated  by 
the  weight.  They  sell  an  engine  to  work  at  a 
given  power;  they  are  aware  that  circumstances 
are  likely  at  any  time  to  require  this  rated 
power,  either  temporarily  or  permanently,  to  be 
materially  exceeded  —  perhaps  doubled.  An 
engine  should  always  be  so  constructed  that  this 
may  be  done  without  danger  of  breakage  or 
heating.     An  engine  is  not  cheap  at  any  price 

(303) 
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unless  it  possesses  sufficient  strength  and  ample 
rigidity  to  permit  this. 

Materials  and  Construction, 

In  the  construction  of  these  engines  they  use 
none  but  the  material  best  suited  to  each  par- 
ticular detail.  Tne  cylinders  are  made  from 
special  brands  of  iron,  mixed  and  remelted  in 
their  own  foundry,  for  the  purpose  of  making  a 
perfectly  homogeneous  casting  of  the  desired 
quality  as  to  hardness,  and  without  blow-holes 
or  other  disfiguring  and  damaging  features. 
They  invite  special  attention  to  all  the  castings 
used  in  their  engine-work,  both  as  to  smooth- 
ness and  soundness  as  well  as  to  strength. 

For  forgings  they  use  either  steel  or  iron,  as 
experience  has  shown  us  to  be  best  for  the  par- 
ticular part  for  which  the  piece  is  used. 

Their  business  is  to  build  steam-engines,  for 
doing  which  they  are  supplied  with  tools  especi- 
ally adapted  to  that  purpose.  The  use  of  jigs 
and  gauges  enables  them  to  preserve  sizes  and  to 
manufacture  the  various  parts  in  duplicate. 

They  will  not,  under  any  circumstances,  vary 
from  their  fixed  plan  of  using  only  the  best 
material,  and  maintaining  standard  excellence 
of  workmanship.  They  will  not  build  so-called 
cheap  engines.  In  this  respect  they  study  the 
best  interests  of  their  customers,  as  well  as  their 
own.  Every  engine  sold  by  them  is  made  for 
hard  work,  twenty-four  hours  a  day  if  required. 
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RELEASING-GEAR. 

This  is  shown  somewhat  in  detail  in  Fig.  64. 

In  the  gear  ordinarily  employed  with  the  Cor- 
liss engine,  the  construction  is  such  as  to  lead  to 
some  inconvenience  and  annoyance  from  the 
parts  wearing  loose  and  shaky.  The-  effect  of 
the  action  of  the  releasing-gear  is  also  to  slightly 
disturb  the  governor;  the  latter  is  the  mbre  seri- 
ous fault,  because  its  tendency  is  to  ipipair  the 
regulation,  preventing  its  being  brought  to  that 
degree  of  perfection  which  is  desirable. 

The  improved  releasing-gear  effectually  over- 
comes these  objections.  The  shock  upon  the 
governor  incident  to  the  use  of  the  crab-claw  is 
avoided,  the  effect  at  the  time  of  release  being 
unnoticeable.  It  is  noiseless  in  operation.  The 
arrangement  of  parts  is  such  that  the  leverage  to 
the  detaching-gear  is  absolutely  uniform  under 
all  conditions,  and  the  work  of  unhooking  re- 
duced to  a  minimum;  at  the  same  time,  a  long 
and  ample  bearing-surface  is  provided  to  the 
moving -parts,  with  the  power  applied  substan- 
tially in  line  with  the  resistance.  By  the  use  of 
this  releasing-gear  they  improve  the  regulatiou, 
avoid  the  necessity  for  any  resisting  attachment 
to  the  governor,  and  increase  the  durability  very 
materially. 

DASBt-POT. 

They  have  also  recently  added  a  new  dash- 
pot.     This  is  shown  in  Fig.  65.     They  consider 
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it  in  operation  to  be  superior  to  any  they  have 
pieviously  used  for  the  purpose.  By  proper  pro- 
portion they  secure  extremely  rapid  valve  closure 
without  jar,  shock,  or  noise. 

The  vacuum  which  serves  to  close  the  valve  is 
maintained  in  the  chamber  above  the  central 
post.  As  the  piston  descends,  closing  the  steam 
valve,  any  small  quantity  of  air  that  may  have 
found  its  way  into  this  chamber  is  displaced 
through  the  automatic  valve  shown  in  the  top 
post. 

The  cushioning  is  accomplished  in  the  annular 
chamber  at  the  bottom.  The  piston  in  falling  is 
first  partially  obstructed  in  the  tapered  upper 
potts  of  the  annular  chamber;  then,  as  it  passes 
this  tapered  portion,  it  is  more  completely  re- 
sisted, the  only  escape  for  the  imprisoned  air  be- 
ing such  as  is  provided  by  the  adjusting  screw. 
By  means  of  this  screw,  any  desired  adjustment 
of  cushion  can  be  made,  interposed  leathers  pre- 
venting the  parts  from  striking  metal  to  metal 
while  making  such  adjustment,  or  at  any  time 
while  in  operation. 

BALL-AND-SOCKET-BEARING. 

It  will  be  noticed  that  the  attachment  of  the 
dash-pot  piston  to  the  rod  is  by  means  of  a  ball- 
and-socket-bearing.  This  permits  the  piston  to 
turn  freely  on  the  central  post,  thus  promoting 
uniformity  bf  wear,  and  increasing  the  durability 
of  the  parts. 
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'  In  addition  to  permitting  revolution  of  the 
piston,  the  ball-and-socket  connection  compen- 
sates for  any  slight  fault  in  alignment,  avoiding 
all  danger  of  binding;  it  also  forms  an  oil  reser- 
voir, from  which  the  oil  cannot  leak,  thereby  in- 
suring perfect  lubrication. 

The  oil-hole  in  the  top  of  the  piston  provides 
for  conveniently  oiling  the  other  parts  which 
move  in  contact. 

ENGINE-FRAME. 

The  Girder  Frame  of  this  engine  is  of  heavy 
weight,  and  carefully  designed  to  resist  the 
strains  to  which  it  is  subjected.  We  believe 
that,  with  judicious  distribution  of  metal,  this 
type  of  frame  is  for  a  given  weight  the  strongest, 
as  it  is  certainly  the  most  convenient,  of  any 
yet  devised.  Its  peculiar  elements  of  strength 
have  sometimes  led  to  such  attempts  at  econ- 
omizing in  the  use  of  metal  as  to  reduce  below 
proper  limits  the  qualities  of  strength  and  stiflf- 
ness. 

An  examination  of  any  of  the  sizes  of  these  en- 
gines will  satisfy  the  most  critical  that  no  mis- 
take has  been  made  in  that  direction.  The  cost 
of  the  extra  metal  in  an  engine-frame,  necessary 
to  put  its  rigidity  beyond  question,  is  but  a  trifle 
compared  with  the  advantages  of  that  rigidity. 

Unfortunately,  an  engine-frame  may  be  of  no 
more  than  half  the  weight  required  for  stability, 
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without  much  danger  of  breakage.  But  with 
the  light  frame  the  inevitable  springing  throws 
the  parts  out  of  alignment  at  every  stroke  of  the 
piston,  resulting  in  unnecessary  friction  and 
destructive  wear,  and  frequently  in  breaking 
some  of  the  working  parts. 

These  frames  will  stand  up  squarely  to  work 
under  any  steam  pressure  employed  in  practice, 
and  under  loads  twice  as  great  as  their  rated 
power. 

With  the  Girder  Frame,  if  the  work  is  pro- 
perly done,  the  aligment  is  perfect,  and  with 
ample  wearing  surfaces  it  will  remain  so  indefi-? 
nitely. 

EXHAUST  PASSAGE  AND  CYLINDER. 

These  were  the  first  builders  of  this  class  of  en- 
gine to  recognize  the  importance,  in  an  econom- 
ical point  of  view,  of  keeping  the  exhaust  steam 
separated  from  the  walls  of  the  cylinder.  Their 
views  were  that  this  would  result  in  increased 
economy,  in  that  the  exhaust  steam  when  pass- 
ing in  contact  with  the  cylinder  robs  the  latter 
of  heat,  which  must  be  restored  by  the  admis- 
sion of  a  greater  quantity  of  steam  from  the 
boiler  to  do  a  given  amount  of  work.  This  view 
they  have  demonstrated  to  be  correct,  and  in  all 
sizes  of  their  engines  the  exhaust  from  each  end 
of  the  cylinder  goes  to  a  common  outlet  at  the 
centre,  through  passages  entirely  distinct  from 
the  cylinder  proper. 
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CONNECTING-ROD. 

Their  connecting-rods  are  made  with  gib-and- 
key  adjustment,  which  they  find  to  be  the  most 
reliable.  The  standard  length  of  their  rods  is  six 
cranks.  This,  though  somewhat  greater  than 
usually  found,  they  consider  is  enough  better  to 
warrant  the  increased  cost. 

The  evil  of  short  connecting-rods  in  creating 
unnecessary  friction,  and  increased  wear  and 
strains,  is  not  fully  appreciated.  The  increased 
friction  due  to  short  rods  is  a  constant  cost  in 
coal,  and  shortens  the  life  of  all  parts  of  the 
engine. 

Beyond  a  certain  length  of  rod  further  increase 
will  result  in  but  little  saving,  will  unwarrantably 
increase  the  cost  of  construction,  and  introduce 
inconvenient  features;  these  facts  clearly  point 
to  a  limit.  This  limit  these  builders  have  fixed 
at  six  cranks,  or  three  times  the  length  of  stroke. 

CROSS-HEAD. 

The  cross-head  is  tapered  and  secured  by  a 
cross-key.  This  method  they  prefer  to  the 
screwed  end,  from  the  use  of  which  serious  acci- 
dents have  occurred. 

Although  by  the  taper  wedges  and  screws  the 
most  minute  and  accurate  adjustment  of  gibs 
can  be  made,  when  properly  adjusted  the  whole 
has  the  rigidity  of  a  solid  piece  of  metal.  There 
are  no  parts  liable  to  work  loose  and  cause  delay 
and  accident. 
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The  gibs  are  lined  with  best  anti-friction 
metal,  and  present  large  wearing  surfaces,  backed 
up  against  the  possibility  of  springing,  which  is 
sure  to  result  with  overhanging  ends. 

PISTON   AND   PISTON-PACKING. 

The  weight  rests  upon  the  centre  ring,  to 
which  the  piston  and  follower  are  securely  at- 
tached. When  by  wear  of  the  bottom  of  the 
centre  ring,  and  of  cylinder,  the  piston  gets  be- 
lo^  the  centre,  it  can  be  accurately  centred  by 
means  of  the  adjusting  screws.  This  they  con- 
sider absolutely  essential  in  a  horizontal  engine, 
in  which,  owing  to  gravity,  the  bottom  of  piston 
and  cylinder  will  be  subjected  to  somewhat  the 
most  wear.  As  this  occurs,  unless  there  are 
means  for  adjustment,  the  piston-rod  will  wear 
out  of  truth,  the  stufSng-box  will  be  worn  down, 
and  a  strain,  thrown  on  the  rod  liable  to  result 
in  its  fracture,  or  in  breakage  of  some  of  the 
connecting  parts. 

The  centre  ring  carries  the  weight  of  the  pis- 
.ton,  and  protects  the  head  and  follower  from 
.wear. 

It  is  necessary,  for  safety,  that  the  centre 
ring  be  somewhat  smaller  than  the  bore  of  the 
cylinder.  If  turned  round,  as  is  ordinarily  done, 
when  placed  in  the  cylinder,  the  bearing  will  be 
only  in  a  line  on  the  bottom.  This  will,  from 
wear  on  a  small  surface,  soon  not  only  locate  the 
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piston  below  the  centre,  but  will  render  cutting 
or  scoring  probable. 

By  the  method  of  these  builders  of  turning 
the  centre  ring,  the  lower  or  bearing  part  is 
made  to  exactly  fit  the  bore  of  the  cylinder,  the 
ring  being  turned  out  of  round  to  give  the  requi- 
site clearance.  This  gives  full  bearing  surface, 
from  the  start. 

The  packing  consists  of  two  small  rings,  one 
at  either  edge  of  the  centre  ring.  These  are 
turned  somewhat  larger  than  the  bore  of  the 
cylinder,  then  cut,  and  halved  together  at  the 
joints.  When  in  place,  they  keep  in  easy  con- 
tact with  the  cylinder,  without  undue  friction, 
compensating  for  wear  by  their  own  elasticity. 

Light  springs  are  supplied,  which  assist  in 
keeping  the  rings  in  contact  with  the  cylinder 
until  they  are  worn  out.  In  practice  they  find 
that  this  packing  requires  no  attention  except, 
perhaps  cleaning  once  in  about  six  months,  at 
which  interval  the  piston  should  be  centred  in 
the  cylinder. 

This  piston  is  simple  in  construction,  the 
packing  is  self-setting,  and  the  piston  can  be 
kept  where  it  belongs,  viz.,  in  the  centre  of  the 
cylinder. 

SIMPLICITY. 

• 

The  claim  is  sometimes  made  that  the  Corliss 
valve-gear  is  complicated  in  its  detail,  and  not 
easily  comprehended  except  by   experts.     The 
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direct  contrary  of  this  is  true  of  the  valve-gear 
of  these  engines.  The  motion  and  the  arrange- 
ment of  parts  are  remarkably  simple,  and  can  be 
understood  by  any  one  of  ordinary  intelligence 
from  the  observations  of  a  few  minutes. 

All  the  parts  are  in  plain  sight,  and  can  be 
observed  at  any  time  while  the  engine  is  in 
motion.  There  are  absolutely  no  adjusting  parts 
inside,  where  they  may  get  loose  or  out  of  posi- 
tion without  being  seen,  or  be  subject  to  corro- 
sive action,  and  hence  sudden  failure. 

In  all  other  respects,  as  well  as  in  the  valve- 
gear,  their  engines  are  simple,  having  no  parts 
that  cannot  be  replaced  or  repaired  without 
special  tools  or  appliances.  Such  special  tools 
as  they  use  in  the  manufacture  are  used  for  con- 
venience and  for  expediting  the  work,  and  not 
from  necessity.  These  engines  can  be  repaired 
in  all  of  their  parts  should  it  be  necessary,  by 
any  machinist  of  fair  ability,  and  in  any  machine- 
shop  provided  with  the  ordinary  tools  of  the 
trade,  while  any  engineer  who  is  competent  to 
take  care  of  an  ordinary  slide-valve  engine  will 
have  no  difficulty  in  running  one  of  these  engines. 

Approved  means  of  adjustment  for  wear  are 
provided  wherever  required,  as  well  as  ample 
means  of  lubrication. 

ADAPTABILITY. 

These  engines  are  adapted  for  all  ordinary 
purposes  where  steam-power  is  required.     Their 
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perfect  regulation  and  strong  and  durable  con- 
struction make  them  particularly  desirable  for 
electric-lighting  purposes,  for  driving  the  machi- 
nery in  cotton  and  woolen  mills — in  fact,. for  all 
uses  where  good  regulation  and  uninterrupted 
service  are  essential;  while  their  simplicity  and 
economical  use  of  steam  recommend  them  to  all 
steam-users  who  study  economy  in  connection 
with  their  motive  plant. 

SELECTION. 

On  p.  325  we  give  table  of  sizes,  which  will 
be  found  of  service  in  the  selection  of  an  engine 
of  suitable  dimensions  for  the  work  it  has  to 
do. 

It  is  hardly  necessary  to  offer  any  argument  in 
favor  of  an  engine  that  will  work  with  good 
economy  of  steam  consumption.  It  has  come  to 
be  universally  conceded  that  an  economical 
engine  is  the  cheapest  for  nearly  every  purpose; 
this  without  much  reference  to  the  cost  of  fuel. 
What  is  saved  in  the  difference  in  price  between 
a  good  and  a  '*  cheap ''  engine  must  be  expended 
in  paying  for  extra  boiler  capacity  to  furnish 
sufficient  steam,  and  it  would  be  expended  the 
second  time,  in  a  few  years,  in  keeping  the  extra 
boilers  in  repair,  and  in  renewing  them. 

HORSE-POWER. 

In  making aselection,  the  horse-power  required 
is  the  first  thing  to  be  decided.     Having  settled 
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this,  then  from  the  table  on  p.  325  the  size  can 
be  selected.  It  will  almost  always  be  advisable 
to  take  the  horse-power  from  the  first  or  lowest 
rating.  The  difference  in  economy  will  be 
scarcely  appreciable  if  the  work  required  falls 
anywhere  between  the  lowest  and  the  highest 
ratings.  If  the  load  is  materially  less  or  greater 
than  these  ratings,*  respectively,  the  economy 
will  not  be  so  good. 

The  tendency  is  almost  invariably  to  add  to 
the  load  of  an  engine  by  adding  machinery  to 
the  plant;  hence,  if  an  engine  is  selected  that 
will  do  the  work  at  the  lowest  rating,  it  will  do 
this  work  with  first-rate  economy,  and  the  load 
may  be  increased  to  the  extent  indicated  by  the 
difference  in  the  two  ratings,  the  economy  con- 
tinuing good.  We  urge  this  view  upon  all  pur- 
chasers of  steam  engines.  It  will  be  seen  that 
when  a  selection  is  made  upon  the  basis  indi- 
cated, the  economical  range,  as  by  the  table^  is 
quite  large;  and  this  can  be  still  further  in- 
creased as  follows:  It  will  be  noticed  that  the 
rating  is  with  quite  low  initial  pressure — ^seventy 
pounds.  Increasing  this  will  increase  the 
power. 

Furthermore,  this. rating  is  from  a  very  mod- 
erate number  of  revolutions,  which  can  be  in- 
creased with  corresponding  increase  of  power, 
and  still  be  far  within  the  limits  of  danger  from 
heating  and  accidents  from  high  speed. 
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TANDEM  COMPOUND    CONDENSING    ENGINES    AT 
THE  SHREWSBURY  MILLS. 

Fig.  66  represents  a  pair  of  compound  engines 
recently  put  in  the  Shrewsbury  Mills,  at  East 
Newark,  N.  J.  These  are  new  mills,  devoted 
exclusively  to  the  manufacture  of  linen  thread, 
and  excellently  arranged  in  all  their  appoint- 
ments. The  engines  w^ere  erected  by  the  Watts- 
Campbell  Co.,  of  Newark,  N.  J.,  and  the  guar- 
antee required  makes  their  performance  of 
unusual  interest  to  engineers  and  steam-users. 

The  engines  are  tandem  compound,  coupled  to 
the  shaft  at  right  angles;  an  excellent  arrange- 
ment for  securing  regular  motion  and  smooth 
running.  The  high  pressure  cylinders  are  20 
inches  diameter  and  the  low  pressure  36  inches; 
stroke  of  pistons,  48  inches.  The  engines  run 
at  a  speed  of  64  revolutions  per  minute.  Both 
the  high  and  low  pressure  cylinders  are  steam 
jacketed,  the  former  with  steam  direct  from  the 
boiler,  and  the  latter  with  the  exhaust  steam 
from  the  high  pressure  cylinders;  this  makes  the 
jacket  temperature  in  each  case  equal  to  the 
initial  temperature  in  the  cylinders,  respectively. 
The  cylinders  and  heads  are  also  very  thoroughly 
protected  from  loss  by  radiation  by  being  first 
covered  with  asbestos,  then  hair-cloth,  and  lastly 
lagged  with  wood.  The  construction  is  also 
such  as  to  leave  but  very  little  surface  that  can- 
not be  so  protected. 
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The  exhaust  from  the  high  pressure  cyliudet 
passes  down  through  the  legs  to  the  receiver, 
which  is  cast  as  part  of  the  low  pressure  cylinder 
and  includes  the  jacket  space  of  that  cylinder; 
From  the  low  pressure  cylinder  the  exhaust  goes 
through  a  large  rectangular  passage  to  the  con- 
denser, which  is  situated  midway  between  the 
two  low  pressure  cylinders.  A  small  pump  re- 
turns the  water  of  condensation  from  the  jackets 
to 'the  boilers. 

But  one  air  pump  is  employed,  which  is  driven 
by  a  return  rod  from  one  of  the  crank-pins. 
There  is  nothing  peculiar  in  the  construction  of 
the  air  pump,  it  being  of  the  single-acting  type 
used  by  the  Watts-Campbell  Co.  with  all  their 
condensing  engines.  The  arrangement  of  the 
passages,  however,  both  from  the  low  pressure 
cylinders  to  the  condenser  and  from  the  con- 
denser to  the  pump,  are  well  designed  to  avoid 
any  obstruction  to  the  passage  of  steam  and 
water. 

The  main  shaft  is  i6  inches  diameter  at  the 
center  or  wheel  fit,  and  13  inches  at  the  jour- 
nals. The  band  fly-wheel  is  25  feet  in  diameter, 
built  up  in  ten  segments.  It  has  a  face  of  6  feet 
2  inches,  turned  for  two  28-inch  belts  and  one 
lo-inch  belt.  The  weight  of  the  fly-wheel  is 
73,000  pounds.  This  is  a  heavy  wheel  for  the 
power  of  the  engines,  and  especially  for  a  pair  of 
engines  coupled  at  right  angles.     This  heavy 
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fly-wheel  has  doubtless  something  to  do  not  only 
with  the  almost  perfect  uniformity  of  motion, 
but  as  well  with  the  smooth  and  noiseless  run- 
ning. 

The  valve  gear  is  of  the  Corliss  type,  with  the 
modifications  that  have  been  introduced  from 
time  to  time  by  the  Watts-Campbell  Company 
— some  of  which  modifications  are  important  in 
their  effect  upon  the  operation  of  the  engine. 
The  speed  is  controlled  by  means  of  a  small  fly 
ball  governor,  running  at  very  moderate  speed; 
the  governor  looks  entirely  inadequate  to  con- 
trol admission  by  eight  steam  valves,  but  it  does 
this  with  great  precision,  and  without  the  use  of 
a  dash  pot  or  equivalent  attachment  to  prevent 
fluctuation;  in  fact,  the  absence  of  intention  of 
the  governor  to  fluctuate  is  remarkable,  consider- 
ing its  small  size  and  the  number  of  valves  it 
controls,  and  shows  that  it  has  literally  no  work 
to  do.  This  absence  of  shock  to  the  governor  is 
mainly  due  to  the  excellent  action  of  the  releas- 
ing gear,  the  invention  of  John  Young,  who  has 
for  years  been  connected  with  the  firm.  The 
dash  pots  used  are  also  the  invention  of  Mr. 
Young,  and  the  .perfect  action  of  these,  with  the 
easy  action  of  catching  and  releasing  the  valves, 
makes  the  action  so  nearly  noiseless  as  to  leave 
nothing  further  to  be  desired  in  this  respect. 
The  governor  is  connected  to  a  cross-shaft  from 
which  small  single  rods  extend  to  the  releasing 


320  STEAM  ENGINEERING. 

mecliaiiism  of  the  four  cylinders,  doing  away 
with  the  use  of  the  double  rods  usually  employed. 
An  illustration  and  description  of  this  releasing 
gear  and  of  the  dash  pot,  both  of  which  have 
proved  in  use  even  more  effective  and  satisfactory 
than  it  was  believed  they  would,  appeared  in  the 
American  Machinist  of  June  26,  1886,  together 
with  other  details. 

The  Watts-Campbell  Company,  in  their  com- 
pound engines,  adhere  to  their  established  prac- 
tice in  simple  engines  of  making  the  connecting 
rod  six  cranks  in  length — a  practice  which  we 
believe  they  are  wise  in  maintaining.  The  pis- 
ton rods  have  two  different  diameters  in  their 
length,  the  difference  being  sufficient  to  afford  a 
taper  seat  for  the  low  pressure  pistons.  These 
pistons  are  held  in  place  by  a  key.  By  discon- 
necting the  rod  at  the  cross-head  and  moving 
the  low  pressure  piston  back  into  the  space  be- 
tween the  two  cylinders  the  key  can  be  removed, 
then  by  moving  the  rod  forward  the  piston  can 
be  removed. 

A  commendable  feature  in  the  construction  of 
these  engines  is  in  the  fastenings  which  hold  the 
bed  plates  to  the  pillow  block.  In  addition  to 
the  usual  bolts,  which  are  from  necessity  some 
distance  from  the  line  of  strain,  a  recess  is  cast  in 
the  front  side  of  pillow  block  and  a  correspond- 
ing recess  is  cast  in  the  front  side  of  the  frame 
against  the  pillow  block.     Then  a  wrought  iron 
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link  is  shrunk  over  the  parts  enclosed  by  the  re- 
cesses, binding  the  pillow  block  and  fianie  firmly, 
together  at  a  point  the  nearest  practicable  to  the 
line  of  strain. 

The  boilers  that  supply  the  steam  were  not 
furnished  by  the  builders  of  the  engines.  They  /Q  ^ 
are  of  the  common  return  tubular  type,  6  feet  in  "r^'  , 
diameter  and  16  feet  in  length,  set  in  the  ordi- 
nary manner.  There  are  six  of  these  boilers,  ^5  ;p 
steam  being  required  for  various  purposes  in  the 
mill.  At  the  front  and  above  the  boilers  is  a 
steam  drum  24''  diameter,  extending  entirely 
across  the  boilers  and  to  which  they  are  con- 
nected by  pipes  and  stop-cocks.  From  this  drum 
a  12''  steam  pipe  extends  to  the  branch  pipes  for 
the  engines,  the  branch  pipes  being  each  7  inches 
in  diameter.  These  large  steam  pipes  and  the 
long  steam  ports  to  the  cylinders,  the  latter  ex- 
tending as  far  as  the  jackets,  or  very  materially 
bevond  the  bore  of  the  cvlinders,  with  the  ar- 
rangement  of  valve  gear  which  gives  a  full  port 
when  the  piston  has  moved  one-eighth  of  its 
stroke,  provide  an  ample  passage  for  steam  to 
the  cylinder,  a  fact  that  will  be  clearly  seen  by 
an  inspection  of  Fig.  66. 

Reference  has  been  made  to  the  terms  of  the     /% . 
contract.     According  to  this  the  engines  were 
guaranteed  to  develop  700  indicated  horse  power 
with  boiler  pressure  of  no  pounds  and  on  a  coal 
consumption  of  \^^  pounds  per  indicated  horse- 
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power  per  hour.  Upon  starting  the  engines  it 
was  found  that  it  would  not,  at  least  for  some 
time,  be  practicable  to  load  them  to  more  than 
about  300  horse-power;  it  was  then  concluded  to 
disconnect  one  of  the  pair  and  test  the  other,  the 
builders.of  the  engines  waiving  the  right  to  steam 
of  no  pounds  pressure  and  using  but  80  pounds; 
two  boilers  only  were  used.  While  the  engine 
was  run  only  through  the  ordinary  working 
hours — ten  and  one-half — all  the  coal  used  dur- 
ing the  twenty-four  hours  was  charged  against 
it;  this  included  coal  for  banking  fires,  getting 
up  steam  in  the  morning,  etc.,  in  other  words, 
all  the  coal  weighed  into  the  fire  room,  without 
rebate  of  any  kind.  The  test  was  under  the 
supervision  of  Thomas  Gardner,  chief  engineer 
of  the  Clark  Thread  Mills  at  East  Newark,  who 
acted  for  the  Shrewsbury  Mills,  and  John  Young, 
who  acted  for  the  Watts-Campbell  Company. 
The  firing  was  done  by  the  regular  fireman.  In 
every  way  it  appears  to  have  been  a  thoroughly 
practical  and  reliable  test,  under  the  conditions 
that  would  exist  in  the  every-day  operation  of 
the  engines.  The  test  was  continued  for  four 
days — 96  hours — a  large  number  of  diagrams  be- 
ing taken  from  which  to  compute  the  power. 
The  table  shows  the  result. 
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RKSni<T  OF  A  FOUR-DAYS'  TRIAL  OF  THE  WATTS-CAMPBEI.I, 

CO.'S  COMPOUND  TANDEM  ENGINES  AT  THE 

SHREWSBURY  MILLS, 

Commencing  May  3d ^  y  a.  m.y  and  ending  May  ytk,  7  a.  m. 


Lbs.  coal 
used     in 
24  hours. 

Running 
time. 

Coal  used 
per  hour 
running 
time. 

a; 

• 
d 

Coal    per 
hour  per 
I  H.  P. 

Rev.    per 
min. 

May  3d.  .    . 
May  4th  .    . 
May  5th  .    . 
May  6th  .    . 

5000 
5500 
5700 

5393 

10.5  hrs. 

10.5     '* 
10.5     '• 

10.5     " 

476.19 
523.81 
542.86 
513.62 

273.09 
295.48 

311.74 
309.81 

1.74 

1.77 

1.74 

1.65 

64 
64 
64 
64 

Average  . 

•       • 

•             •99 

514.12 

297.53 

1.73 

• 

Constant  every-day  run.     No  coal  deducted  for  banking 
fires.     No  allowance  for  ashes. 

This  is  remarkably  low  coal  consumption 
under  the  conditions  of  the  test.  From  this,  to 
make  the  test  conform  to  ordinary  practice,  the 
coal  consumed  in  banking  fires  and  getting  up 
Steam  should  be  deducted.  This  was  not  done, 
because  there  was  no  necessity  for  going  into 
such  a  calculation;  it  was  evident  that  the  engine 
had  materially  exceeded  the  duty  required  by  the 
contract.  The  allowance  to  be  made  could  not, 
we  should  think,  be  less  than  400  pounds  for 
each  boiler,  or  800  pounds  altogether.  Assum- 
ing this  to  be  correct,  the  coal  (with  no  deduc- 
tions for  ashes  and  dirt)  would  be  1.46  pounds 
per  indicated  horse-power  per  hour.  What  the 
result  would  have  been  with  steam  of  1 10  pounds 
pressure  can  only  be  conjectured. 
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The  gauge  pressure,  corrected,  was  80+ 
pounds,  vacuum  27  inches.  There  was  but  ver)' 
slight  diflference  between  the  back  pressure  in 
the  high  pressure  cylinder  and  the  forward  pres- 
sure in  the  low  pressure  cylinder  previous  to 
cut-ofF,  as  well  as  between  the  back  pressure 
line  in  the  low  pressure  cylinder  and  the  pres- 
sure in  the  condenser,  as  represented  by  the 
vacuum  noted.  That  all  these  differences  are 
so  slight  is  due,  of  course,  to  providing  very 
large  steam  and  exhaust  passages,  and  to  con- 
trolling them  properly. 

Altogether  the  performance  of  the  Shrewsbury 
Mills  engines  is  a  strong  argument  in  fpivor  of 
compounding.  And  the  excellent  steam  plant 
of  these  mills  may  be  taken  as  a  model  in  its 
wav. 

The  growth  of  the  compound  engine  in  this 
country  has  been  slow,  but  it  is  now  gaining 
ground  very  rapidly,  a  fact  that  is  mainly  due  to 
actual  experience  in  its  use.  It  has  never  been 
helped  along  to  any  extent  by  scientific  consid- 
erations, but  its  progress  will  be  all  the  more 
rapid  because  the  arguments  in  its  favor  rest 
upon  actual  facts  gained  by  experience. 
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CHAPTER  XVIII. 

STEAM  YACHTS  AND  LAUNCHES. 

Hitherto  the  design  and  construction  of  a 
steam  yacht  has  been  carried  on  in  a  hap-hazard 
sort  of  a  way,  that  is  only  too  apparent  from  a 
casual  inspection  of  the  vessel  when  completed. 
One  firm  is  called  upon  to  whittle  out  a  model 
of  a  certain  length,  another  is  asked  to  build  the 
engine,  while  a  third  supplies  a  boiler  of  certain 
dimensions.  The  interior  fittings,  are  supplied 
by  individuals,  perhaps  totally  unacquainted 
with  marine  work.  Each  individual  concerned 
may  be  competent  to.  carry  out  his  own  particular 
part  of  the  work,  but  he  pays  but  little  attention 
to  any  other  portion,  and  the  result,  while  per- 
haps correct  in  detail,  is  decidedly  lacking  in 
harmony. 

The  first  requisite  is  speed,  and  accommoda- 
tion comes  next  in  the  scale.  The  former  can 
only  be  obtained  by  an  easy  model,  and  great 
power,  while  the  latter  demands  close  attention 
to  the  utilization  of  space.  In  order  to  produce 
an  average  of  these  essentials,  the  engine  and 
boiler  must  be  as  small  as  possible,  while  at  the 
sauie  time  capable  of  exerting  great  power, 
and  so  designed  as  to  be  free  from  vexatious 

breakdowns  under  continuous  work.     The  con- 
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sumption  of  fuel  should  be  reduced  to  a  minimum 
in  order  to  economize  space,;  and  to  avoid  the  in- 
convenience of  frequent  coaling. 

In  addition  to  these  requisites  a  certain  amount 
of  beauty  is  necessary  in  order  to  harmonize  with 
the  purpose  for  which  the  vessel  is  to  be  used. 
The  most  important  point  in  naval  design  is 
harmony  of  details^  and  this  can  only  be  attained 
by  the  influence  of  one  competent  mind.  Errors 
in  steam  launches  resulting  from  incorrect  de- 
sign are  of  comparatively  less  importance,  but 
in  steam  yachts,  where  the  amount  of  money 
involved  is  much  greater,  it  is  important  that 
the  design  should  be  correct 

Fig.  67  shows  the  steam  yacht  *'Juno,''  owned 
by  J.  R.  Purchase,  Esq.,  Minneapolis,  Minn., 
and  in  use  on  Lake  Minnetonka,  Minn.  De- 
signed and  constructed  by  Chas.  P.  Willard  & 
Co.,  Chicago,  111. 

It  seems  needless  to  enumerate  the  purposes  for 
which  small  steamers  of  this  kind  can  be  used; 
but  we  might  mention  their  use  on  lakes  and 
rivers  for  pleasure  purposes  and  for  the  trans- 
portation of  mails  in  districts  where  roads  are 
very  bad,  or  actually  impassible,  at  many  sea- 
sons of  the  year;  also  for  ferry  boats  or  for  carry- 
ing fishing  and  hunting  parties  on  lakes  and 
rivers  to  fishing  or  hunting  grounds,  and  par- 
ticularly for  towing  barges  laden  with  lumber, 
'  salt,  coal,  stone,  or  other  products  of  the  country, 
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on  lakes,  rivers  or  canals.     The  uses  to  which 
such  a  boat  can  be  put  are  greater  than  we  can 


name  here,  and  when  once  generally  known  they 
will  find  an  introduction  to  all  the  small  lakes 
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and  navigable  streams  in  the  country.  As  at 
present  built  they  are  so  simple  and  easily 
managed  that  any  person  of  ordinary  intelligence 
can  use  one  of  them,  and  one  man  alone  can  fire 
and  run  a  30  or  33  foot  boat  without  any  as- 
sistance, provided  the  steering-wheel  is  placed 
just  behind  the  engine.* 

Frequently  a  number  of  gentlemen  associate 
together  and  buy.  a  launch  jointly  for  the  use  of 
their  families,  or  several  persons  owning  barges 
will  club  together  and  buy  a  small  boat  for  tow- 
ing all  the  barges.  It  is  not  uncommonly  the 
case  that  one  of  these  boats  will  earn  its  entire 
cost  in  one  season,  when  used  for  hire  on  a  small 
lake  or  river,  where  there  are  summer  visitors. 

YACHT  BOILERS. 

In  selecting  the  proper  form  of  boiler  for  a 
steam  yacht  due  regard  must  be  had  to  the  form 
of  the  hull,  and  also  to  the  kind  of  fuel  to  be 
used.  It  would  not  be  advisable  to  use  a  vertical 
boiler  of  great  power  in  a  long,  narrow  hull,  cal- 
culated for  high  speed,  nor  would  it  be  well  to 
adopt  this  form  in  localities  where  wood  is  the 
only  available  fuel. 

Usually,  however,  the  vertical  boiler  will  be 
found  most  convenient  for  launch  purposes. 

SUBMERGED  TUBE  VERTICAL  MARINE  BOILERS.  * 

Where  boats  are  required  for  use  in  waters 

*  Fig.  68. 
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that  are  under  United  States  marine  supervision, 
it  will  be  necessar\'  to  have  boilers  that  conform 
in  every  respect  to  the  United  States  marine 
laws.  These  require,  among  other  things,  that 
vertical  boilers  used  for  marine  purposes  should 
have  submerged  tubes.  The  fact  that  a  boiler 
has  passed  Government  inspection  is  the  strong- 
est guarantee  of  the  quality  of  the  material  and 
workmanship,  as  the  requirements  are  extremely 
rigid. 
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OENBRAI.  DIMENSIONS  OF  YACHT  A 

MARINB   BOILERS, 

Designed  and  Constructed  by  Chas.  P.  Willard  &  Co., 
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The  boilers  with  which  launches  are  supplied 
should  be  so  proportioned  that  they  will  stand 
very  low  in  the  boat,  bringing  the  centre  of 
gravity  as  low  as  possible.  They  ought  to  be 
found  tobe  very  quick  and  free-steaming  boilers, 
and  economical  of  fuel.  These  boilers  should 
be  built  of  charcoal  hammered  wrought  iron  or 
steel,  and  tested,  by  hydrostatic  pressure,  to  150 
lbs.  to  the  square  inch. 

Where  requited  for  navigation  of  waters  under 
Government  supervision,  it  will  be  necessary  to 
have  submerged  tube  vertical  boilers,  or  the  hor- 
izontal boilers. 

No  one  thing  connected  with  a  steam  launcli 
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is  of  more  importance  than  to  have  the  boiler 
free  from  all  defects.  Only  the  best  quality  of 
iron  or  steel  should  be  used  in  the  construction 
of  it,  as  it  is  desirable,  particularly  with  small 
boats,  that  the  working  steam  pressure  should 
be  as  high  as  possible. 

The  two  forms  of  launch  boilers  which  we 
illustrate  in  this  book  will  all  be  found  to  steam 
freely,  without  the  very  objectionable  feature  of 
priming.  This  difficulty  is  frequently  encount- 
ered in  small  boilers  used  in  launches,  particu- 
larly in  rough  water,  where  the  disposition  to 
prime,  in  small  boilers  of  faulty  construction, 
when  crowded  up  to  their  full  steaming  capacity, 
is  aggravated  by  the  slopping  over  of  the  water 
from  the  rolling  of  the  boat,  making  it  difficult 
to  get  dry  steam. 

Probably  no  form  of  horizontal  boiler  used  in 
launches  combines  in  so  great  a  degree,  strength, 
compactness  and  low  centre  of  gravity,  as  the 
form  of  boiler  illustrated  herewith,  which  is 
called  the  ** Clyde"  or  Scotch  boiler.     Fig.  69. 

As  will  be  seen  by  the  figure,  all  the  surfaces 
of  the  fire-box  and  the  shell  of  the  boiler  are 
cylindrical,  this  being  the  strongest  form  in 
which  the  material  can  be  put  together.  The 
fire-grate  is  placed  in  the  large  central  tube,  and 
the  fire  is  entirely  surrounded  by  water.  The 
** Clyde"  is  a  return-tubular  boiler.  The  .fire 
passes  through  the  large  central  tube  into  the 
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combustion  chamber  at  the  rear  of  the  boiler, 
and  returns  through  the  smaller  tubes  to  the 


I^iff.   01*. 

THE  CLYDE  BOILER. 

siiioke  bonnet,  at  the  front  end   of  the  boiler, 
thence  into  the  funnel,  thus  giving  the  greatest 
possible  economy  in  the  use  of  fuel.     The  tubes 
are,  at  all  times,  below  the  water  line. 
THE  ENGINE.     Figs.  70,  71,  72. 

The  cylinder  and  frame,  and  what  is  usually 
called  the  bed-plate,  form  one  casting,  the  frame 
forming  a  hollow  column  with  suitable  openings 
for  access  to  the  moving  parts. 

The  piston  is  conical  in  form,  thus  insuring  a 
ma.ximum    of  strength    with    a  minimum  of 
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material.  The  cross-head  is  of  bronze,  with  the 
piston  rod  threaded  into  it  and  secured  by.  a  jam- 
nut.  The  connecting-rod  is  rectangular  in  cross 
section,  having  a  solid  end  at  the  cross-head,  and 
brass  boxes  fitted  with  a  wedge  for  taking  up  the 
lost  motion.  The  crank-pin  end  of  the  rod  is 
provided  with  the  usual  strap  and  key.  All  the 
journals  are  of  ample  size,  thus  insuring  cool 
running  even  under  severe  conditions. 

The  link  motion  is  of  the  Stephenson  type, 
and  is  designed  so  as  to  produce  an  equal  cut-oflF 
for  all  points  of  the  stroke.  All  the  small  parts, 
as  far  as  practicable,  are  of  steel,  as  light  as  is 
consistent  with  required  strength. 

The  crank-shaft  is  of  steel,  the  crank-arms  be- 
ing fitted  with  counterbalances  eccentrically 
bored  to  fit  crank-discs,  and  firmly  held  by  bolts. 
The  after  journal  forms  the  driving  bearing,  the 
thrust  of  the  screw  propeller  being  taken  by 
four  steel  rings,  solid  with  and  projecting  from 
the  shaft,  providing  ample  surface,  and  insuring 
freedom  from  lateral  action. 

In  ordinary  operation,  these  engines  are  run  at 
'•A     a  speed  of  300  revolutions  per  minute,  with  the 
(^  steam  cut-ofF  at  half  stroke.     At  this  speed  there 

is  little  vibration,  the  weight  of  the  reciprocat- 
ing parts  being  accurately  counterbalanced. 

Any  lateral  movement  of  the  cylinder  is 
largely  avoided  by  the  suspended  position  of  the 
shaft.     The  centrifugal  action  of  the  counter* 
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balance,  which  is  a  trifle  greater  at  midstroke 
tliau  that  of  the  connecting-rod,  has  a  tendency 
to  impart  a  lateral  movement  to  to  the  shaft. 
This  action  has  been  carefully  considered,  and 
the  foundation  timbers  so  located  as  to  resist  this 
tendency. 


"acmb"  launch  hnginb. 


The  "Acme ' '  launch  engine  shows  the  smallest 
size  marine  engine.  It  is  3  inch  bore,  4  inch 
stroke,  and  will  develop,  if  required,  about  four 
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iudicated  horse-power.  The  craiik-shaft,  piston- 
rgd,  valve-stem  and  pins  are  made  of  steel  as 
well  as  the  link.  It  is  a  very  quick,  powerful 
little  engine.  Its  weight'  is  145  pounds,  and 
its  height  is  30  inches  to  the  top  of  cylinder. 
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Fig.  74  shows  the  style  of  engine  which 
they  call  the  **  Peerless  "  engine.  The  arrange- 
ment of  the  link  is  such  as  to  dispense  with  five 
or  more  moving  parts,  and  have  the  link-block 
take  up  its  own  wear,  thus  avoiding  any  rattle 
at  this  point. 

The  Peerless  marine  engines  are  among  the 
simplest,  most  compact  and  strongest  in  the 
market.  The  crank,  connecting-rod,  piston-rod 
and  stem,  and  pins,  are  made  of  steel.  The  iron 
frame,  of  the  engine  and  the  slides,  as  well  as  the 
bearing  for  the  crank-shaft,  are  made  in  one 
piece,  so  that  it  is  impossible  for  the  working 
parts  of  the  engine  to  get  out  of  line  or  change 
their  relation  to  each  other.  The  construction 
of  the  engine  is  such  that  the  action  of  the 
piston-rod  is  exactly  central,  and  all  overhanging 
strains  are  avoided. 

The  engines  that  are  fitted  in  launches  are 
what  is  known  as  the  inverted-cylinder,  high- 
pressure  type  of  engines.  They  are  very  simple 
in  construction,  not  liable  to  derangement,  and 
with  ordinary  good  usage  should  run  for  ten 
years  without  any  extensive  repairs.  They  have 
large  bearing  surfaces,  are  fitted  with  steel  re- 
versing links,  and  provision  is  made  for  perfect 
lubrication.  All  the  wearing  parts  are  easy  of 
access,  and  are  adjustable  to  wear.  They  are 
short  stroke,  quick,  powerful  little  engines,  and 

are  very  economical  of  steam. 
29 
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All  the  couplings  and  other  parts  are  keyed  on 
and  secured  in  the  most  careful  manner.  The 
slipping  of  a  shaft  in  a  coupling  and  consequent 
stoppage  of  a  small  pleasure-boat  right  in  the 
path  of  a  moving  steamer  has  been  known  to 
lead  to  serious  results.  Too  much  care  cannot 
be  exercised  in  regard  to  these  small  details,  and 
the  integrity  of  workmanship  in  launches  is 
worthy  the  careful  consideration  of  buyers. 

While  presenting  an  appearance  which,  in 
comparison  with  a  side-wheel  steamer,  is  less 
graceful,  the  stern-wheeler*  is  by  no  means  less 
efficient  in  action  than  its  more  symmetrical 
rival,  and  for  small  boats  this  type  possesses 
many  advantages.  While  the  weight  of  one  or 
two  persons  on  the  guards  of  a  side-wheel 
steamer,  60  feet  long,  and  of  proportionate  beam, 
will  have  no  perceptible  effect  in  careening  the 
boat,  it  is  found  that  the  boats  having  a  length 
of  30  feet  and  under,  the  effect  of  such  weight  on 
the  guards  is  quite  a  serious  matter.  When  a 
stern-wheel  is  used,  however,  the  weight  of  the 
passengers  is  all  within  the  dimensions  of  the 
hull,  thus  rendering  it  extremely  stable  and  free 
from  that  rolling  motion  which  forms  an  objec- 
tionable feature  of  small  side-wheel  steamers. 
In  addition  to  this  the  location  of  the  machinery 
is  quite  favorable,  leaving,  as  it  does,  the  entire 
middle  portion  of  the  boat  available  for  passen- 
gers. 

*  Fig.  75. 
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Fig.  75  represents  a  stern-wheel  launch,  show- 
ing the  arrangement  of  the  machinery,  steering- 
gear  and  the  general  design. 

These  launches  are  designed  with  special  re- 
ference to  their  use  on  rivers  and  lakes  where 
the  depth  of  water  prohibits  the  use  of  the  pro- 
peller. 

Their  light  draft,  economy  of  construction, 
powerful  machinery  and  consequent  speed,  reur 
der  them  very  desirablie  for  shallow  waters. 

The  hulls  of  these  launches  should  be  built  of 
the  best  material,  in  a  thoroughly  workman-like 
manner,  so  modelled' as  to  give  the  greatest 
speed  attainable  with  a  light  draft  of  water. 
An  awning-deck  overhead,  supported  on  oak 
stanchions,  should  form  a  protection  from  the  sun 
and  rain,  while  at  the  same  time  being  free  from 
the  objections  that  pertain  to  a  close  cabin.  The 
steering  apparatus  should  be  placed  as  shown, 
near  the  bow,  thus  enabling  one  person  to  make 
a  lauding  with  ease  and  convenience. 

Tlie  machinery  should  consist  of  a  submerged 
tube  vertical  boiler,  complete  in  every  respect, 
and  complying  wi  h  the  Government  rules  and 
regfulations  relative  to  marine  boilers.  The 
engines,  two  in  number,  should  be  connectec* 
direct  to  the  stern-wheel  shaft,  thus  doing  awa} 
with  all  intermediate  friction,  a  necessary  evil 
that  exists  when  the  stern- wheel  is  driven  by 
means  of  gearing.     They  should  be  reversed  and 
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coutrolled  by  a  single  lever  and  throttle- valve, 
in  the  same  manner  as  all  ordinary  vertical 
launch  engines. 

In  order  to  separate  the  passengers  from  the 
engine  and  boiler  room,  cross  bulk-heads  should 
be  built  into  the  hull,  thus  completely  shutting 
them  out.  Between  these  two  bulk-heads  and 
on  each  side  should  be  arranged  the  seats. 

In  operation  they  will  be  found  exceedingly 
handy,  speedy-  little  boats. 

DIMENSIONS.     FIG.  75. 

Length  of  huU,  feet 33 

"         boat,     **    overaU 40 

Beam,  outside,  feet 8 

Depth,  feet 3 

Draft,  inches l6 

Number  of  persons  wiU  carry  with  comfort 30 

Approximate  speed,  miles  per  hour 10 

Approximate  consumption  of  soft  coal,  per  10  hours, 

pounds 400 

Actual  Horse  Power  with  70  pounds  of  steam 10 

Engines — two  in  number— diameter  of  cylinder,  inches.  5 

'*               "                    stroke,  inches 20 

Vertical  boiler,  diameter  inches 40 

"          "       height,  inches 53 

Diameter  of  stem-wheel,  feet 7 

Although  the  screw-propeller  has  almost  en- 
tirely superseded  the  paddle-wheel,  as  a  mode  of 
propelling  sea-going  steamships,  the  latter  still 
maintains  its  place  in  river  steamers,  and  in  sea- 
going steamers  of  large  power  and  light  draft  of 
water. 
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Inasmuch  as  the  propeller-wheel,  to  work- 
efficiently,  must  be  submerged,  or  nearly  so,  any* 
increase  in  its  size  demands  an  increase  in  the 
draft  of  water,  while  a  paddle-wheel  can  be  in- 
creased by  making  it  broader  on  the  face,  without 
increasing  the  dip  of  the  floats;  it  follows,  then, 
that  where  much  power  is  required  in  combina- 
tion with  a  light  draft  of  water,  the  propeller- 
wheel  can  not  be  used,  and  recourse  must  be  Had 
to  paddle-wheels.  For  river  service,  in  its  two 
forms,  namely,  the  stern-wheel  and  side-wheel," 
it  still  holds  its  own. 

The  magnificent  floating  palaces  that  ply  upon 
our  western  rivers  are,  almost  without  exception^ 
driven  by  one  of  these  two  forms;  in  fact,  with 
the  limited  draft  of  water,  it  would  be  impossi- 
ble to  use  any  other  known  method  of  propulsion, 
and  attain  the  speed  for  which  these  steamers  are 
famous.  ' 

For  inland  waters,  free  from  the  disturbing 
influences  of  storms,  this  method  of  propulsion 
has  many  advantage.  The  enormous"  guards 
on  side-wheel  steamers,  extending  over  the  sides 
of  the  boats,  give  great  carrying  capacity,  either 
for  freight  or  passengers,  while  the  light  draft 
of  water  permits  a  landing  at  any  point  along 
the  shore,  without  injury  to  the  hull. 

It  is  conceded  that,  for  passenger  traffic,  on 
rivers  the  side- wheel  steamer,  is  best,  and  it  may 
be  said  that  there  is  no  other  form  that  combines 
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in  so  great  a  degree  large  carrying  capacity  with 
such  small  dimensions. 

The  propeller  wheels  on  Willard's  launches  are 
made  of  the  best  selected  cold-blast  iron,  and 
are  of  various  forms,  according  to  the  use  to 
which  the  launch  is  to  be  put.  Where  high 
speed  is  desired,  they  furnish  a  different  wheel 
than  for  towing  purposes.  For  very  small 
launches  a  two  or  three  blade  wheel  will  be 
found  desirable,  but  for  launches  using  wheels 
30  inch  or  larger  diameter,  the  writer  would 
recommend  a  four-blade  wheel. 

Fig.  77  shows  the  different  styles  of  propeller 
wheels  which  are  furnished  with  these  launches. 
No.  I  is  a  towing  wheel.  No.  2  is  a  speed  wheel; 
it  has  a  little  different  shape  and  pitch  than  that 
used  for  towing.  No.  3  is  a  three-blade  speed 
wheel  suitable  for  a  small  launch.  No.  4  is  a 
two-blade  wheel  suitable  for  a  small  launch, 
particularly  where  it  is  liable  to  run  into  grass 
or  weeds,  as  it  is  less  liable  to  get  fouled  than  a 
three  or  four-blade  wheel. 
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STEAM  LAUNCHES— Sizes. 


Number. 


Length  of  Boat,  over 
all 

Breadth  outside 

Depth  amidship  .  . 

No.  of  persons  will 
carry  with  comfort 
and  safety  .... 

Approximate  speed, 
miles  per  hour .  . 

Approximate  con- 
sumption of  soft 
coal  per  lo  hours, 
lbs,   .....    . 

Actual  Indicated 
Horse  Power,  with 
ICO  lbs.  steam 
pressure 

Engine,  Diameter 
Cylinder 

Engine,  Length  of 
Stroke 

No.  of  Revolutions 
per  minute.  .   .   . 

Vertical  Boiler,  Di- 
ameter   

Vertical  Boiler, 
Height 

Propeller  Wheel, 
Diameter  .... 

Wheel  Shaft,  Diam- 
eter  


21 

5 

2.4 


9 

7 


150 

3 

4 

300 

22 

36 
20 


25 

6 
2.9 


15 
8 


250 
8 

5 
300 

26 

48 

24 


30 

7 
3.0 


25 
9 

350 


10 

5 

7. 

275 

30 
48 

30 


33 

VA 
30 


30 
10 


400 

I2>^ 

6 
8 

275 
36 
50 
36 


40 

8 
3.0 


35 

600 

18 

6 

8 

250 

40 

53 
36 


45 

8.6 
3.3 


40 
10 


750 

24 

7 
8 

250 

42 

58 

38 

2A 


50 

10 
4.6 


60 

1,000 


32^ 

8 

10 

200 

48 
72 
42 
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WEIGHT  OF  ROUND 

1  AND  SQUARE  IRON. 

01 

Ci 

K    O 

Rounds. 

Squares. 

•   1 

N    0 

;    .S 
li 

Rounds. 

Squares. 

c 

Weight,  lbs.  Weight,  lbs. 

• 

Weight,  lbs. 

Weight,  lbs. 

A 

.ii8 

.117 

5.89 

7-50 

A 

.163 

.208 

4 

7.91 

8.80 

.257 

•325 

i: 

8.01 

10.20 

A 

.368 

.468 

H 

9.02 

11.71 

.50^ 

.638 

2 

10.47 

13-33 

^. 

.654 

.835 

2* 

11.82 

15.05 

.833 

I.OI 

2* 

1325 

16.87 

1.02 

1.30 

2| 

14.76 

18.80 

1 

1-47 

1.87 

2^ 

16.36 

20.80 

} 

2.00 

2.55 

2I 

18.03 

22.96 

I 

.  2.61 

3.33 

2| 

2I 

19.79 

25.20 

h 

3-31 

4.21 

21.63 

27.55 

I: 

4.09 

5.20 

3 

2356 

30.00 

If 

5-94 

6.30 

WEIGHT  PER  SQUARE 

FOOT 

OF  GAI,VANIZED  SHEET  IRON. 

No.  of  Wire  ( 

[>auge. 

No. 

of  Wire  Gauge. 

No. 

of  Wire 

Gauge. 

No. 

29.  .  .   . 

.  12  oz. 

No. 

23-     ' 

.    .  20  OZ. 

No. 

17.   .   . 

.  36  oz. 

28.  .   .   . 

.  13  " 

•  1 

22 .   . 

.     .  22    " 

16.   .   . 

.42  " 

27.  .   .   . 

14  " 

i( 

21 . 

.     .  24   " 

15.  -   ■ 

.46  " 

26.  .   . 

.15  " 

It 

20. 

.     .  27    " 

14.   .   . 

.53  " 

25.  .   •   . 

16  " 

(< 

19.   . 

.30    " 

13.   .   . 

.61  " 

24.  .   . 

.  18  " 

<( 

18. 

.    .  35  " 

12 .   .   . 

.  70  " 

WEIGHT  OF  PI.ATE  IRON  PER  SQUARE  FOOT. 


Thickness, 
in  inches. 


1^ 

i 
i 


I/bs. 


2.55 

5.03 

7.56 

10.07 

12.59 
15.  II 

17.62 

20.14 


Thickness. 

I.bs.  1 

in  inches. 

A 

22.66 

1 

25.18 

K^ 

27.69 

f 

30.21 

¥ 

32.73  ' 

1 

8 

35-25 

i! 

37-76 

I 

40.28 

Thickness, 
in  inches. 


If 
I* 

i\ 

li 


I/bs. 


45-32 

50.35 

55.39 
60.42 

65.46 

70.49 

75.53 
80.56 
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BOIIvER  FELTING  OR  COVERING. 

Magnesium  Carbonate  as  a  Non-conductor  of 

Heat.  * 

The  substance  referred  to  in  the  title  is  the 
artificially  prepared  basic  carbonate  of  magnesia, 
a  compound  of  the  carbonate  with  the  hydroxide. 
It  is  the  ** block-magnesia''  of  commerce,  the 
magnesia  alba  of  the  pharmacist.  Its  composi- 
tion, though  somewhat  indefinite,  may  usually 
be  expressed  by  the  formula:  4MgC03,Mg(OH)j, 
5H2O;  it  is  found  to  vary  slightly  with  the  details 
of  the  method  of  preparation.  This  substance 
has  been  employed  recently  with  much  reported 
success,  as  a  non-conductor  of  heat.  It  is 
moulded  to  form  coverings  suitable  for  steam- 
pipes  and  their  fittings,  and  sectional  jackets  for 
boilers  and  cylinders;  it  is  furnished  also  in 
forms  suitable  for  lining  refrigerators,  walls  and 
roofs  of  buildings,  fire-proof  safes,  etc.  It  was 
with  a  view  of  ascertaining  the  efficiency  of  this 

*A  paper  read  before  the  American  Institute  of  Mining 
Engineers  at  the  Scranton  Meeting,  February,  1887,  by 
Eberhard  Luttgen,  Ph.  B.,  F.  C.  S.,  Ambler,  Pa. 

(345) 


346  STEAM   ENGINEERING. 

material  as  a  non-conductor,  or,  rather,  its  rela- 
tive efficiency  among  the  various  non-conducting 
iqaterials  in  use,  that  the  writer  made  the  ex- 
periments about  to  be  described.* 

A  block  of  magnesium  carbonate  or  7nagnesia 
alba  exhibits  some  interesting  physical  qualities. 
It  is  a  smooth,  white,  close-grained  solid,  in  out- 
w»ird  appearance  resembling  a  block  of  Paris 
plaster.  It  possesses  the  lightness  of  cork,  the 
porosity  of  sponge,  and  withal  a  degree  of  firm- 
ness and  strength  that,  in  view  of  its  levity,  is 
quite  remarkable.  To  examine  more  closely  the 
properties  of  this  substance,  a  number  of  i-incli 
cubes  were  sawed  from  the  commercial  block- 
carbonate,  also  some  bricks,  that  is,  blocks 
measuring  accurately  2x4x8  inches,  the  di- 
mensions of  an  ordinary  brick.  The  cubes 
weighed  from  2.2  to  2.'^  grammes,  the  bricks 
weighed  140  to  175  grammes  (5  to  6  ounces). 
The  bricks  were  carefully  measured  and  weighed, 
and  placed  in  vessels  containing  distilled  water, 
in  which  they  became  gradually  submerged, 
owing  to  the  displacement  by  water  of  the  air 
inclosed  in  the  structure  of  the  magnesium  car- 
bonate. After  twenty-four  hours  the  blocks 
were  removed  from  the  water,  dried  superficially 
by  contact  with  filter-paper,  and  weighed.  From 
the  increase  in  weight,  the  volume  of  the  water 
absorbed,  and  consequently  that  of  the  air  dis- 
placed by  it,  were  obtained.     For  example:   a 
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block  which  when  dry  weighed  155  grammes 
and  measured  1048  cubic  centimeters,  after  im- 
mersion in  water  weighed  1138  grammes,  an 
increase  of  983  grammes,  corresponding  to  983* 
cubic  centimeters  of  water  absorbed.  We  have 
then  the  ratio  of  983  to  1048,  or  93.8  per  cent, 
as  the  proportion  by  volume  of  air-cells  in  the 
block  of  magnesium  carbonate.  Other  blocks, 
treated  in  the  same  way,  gave  results  ranging 
between  92  and  94.5  per  cent,  of  air-cells. 
Blocks  of  magnesium  carbonate,  upon  being 
saturated  with  water,  undergo  no  change  of  size 
or  shape,  and  upon  drying,  resume  their  pre- 
vious condition. 

To  ascertain  the  strength  of  the  blocks,  a 
i-inch  cube  was  placed  between  two  small  boards 
upon  a  level  surface.  Weights  were  then  piled 
upon  the  upper  board  until  the  cube  collapsed. 
It  required  85  to  90  pounds  to  crush  a  i-inch 
cube.  In  moulding  the  magnesium  carbonate 
into  coverings  for  pipes,  boilers,  etc.,  the  manu- 
facturers incorporate  with  it  a  certain  proportion 
of  the  soft  woolly  asbestos  fiber.  This  admixture 
has  been  found  by  analysis  to  amount  to  from  7 
to  8  per  cent,  and  its  purpose  is  to  make  the 
coverings  stronger  and  more  capable  of  with- 
standing rough  handling  in  transportation.  This 
purpose  it  seems  to  accomplish,  at  the  same  time 
depriving  the  coverings  only  to  a  slight  extent  of 
the  lightness!  and  porosity  of  pure  magnesia  alba. 
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** Bricks"  of  this  fibrous  magnesia  weighed 
about  7  ounces,  and  were  found  to  contain  from 
90  to  92  per  cent,  of  air-cells;  and  the  cubes 
were  capable  of  resisting  a  greater  pressure  than 
were  those  of  the  unmixed  carbonate. 

In  investigating  the  A'alue  of  a  non-conducting 
material,  the  first  of  the  various  essential  quali- 
ties to  be  considered  is,  naturally,  the  non-con- 
ductivity. The  question,  what  method  shall  be 
employed  to  compare  the  conductivity  of  various 
materials,  is  somewhat  perplexing.  The  meth- 
ods that  have  been  pursued  have  been  subjected 
to  much  censorious  criticism,  sometimes  just, 
sometimes  unreasonable.  While  the  quantita- 
tive results  that  have  been  obtained  may  not,  in 
view  of  .the  greater  or  less  inexactness  of  the 
methods  available,  be  strictly  accurate,  there  is 
little  doubt  of  the  conformity  of  their  compara- 
tive indications  respecting  the  various  materials 
tried.  The  experiments  of  Professor  Ordway, 
with  the  exception  of  those  upon  the  air-chamber 
method,  were  directed  towards  obtaining  quan- 
titative results,  towards  ascertaining  the  number 
of  heat-units  radiated  through  a  given  length  of 
a  given  pipe-covering  in  a  given  time.  What- 
ever doubt  may  exist,  in  view  of  the  difficulties 
of  making  such  determinations,  of  the  accuracy 
of  the  quantitative  results  that  were  obtained, 
the  experiments  furnished  a  criterion  of  the 
comparative  values  of  the  materials  tried;  and 
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for  this  reason  Professor  Qrd way's  report  was  a 
very  welcome  acquisition  to  the  meager  literature 
of  non-conducting  materials. 

In  the  present  case  it  was  desired  to  subject 
the  carbonate  of  magnesia  covering,  together 
with  some  of  the  covering-materials  most  widely 
used,  to  a  comparative  trial  by  some  simple  and 
expeditious  method  of  testing;  the  time  and 
facilities  for  erecting  long  lines  of  steam-pipe  for 
the  trials  not  being  available.  The  first  method 
tried  was  based  upon  the  hypothesis  that  if  equal 
metallic  cylinders  be  filled  with  a  hot  liquid  and 
encased  with  different  non-conducting  materials, 
the  rapidity  of  fall  in  temperature  of  the  liquid 
is  proportional  to  the  rapidity  of  radiation 
through  the  coverings.  The  form  that  sug- 
gested itself  as  the  most  convenient  in  which  to 
experiment  with  non-conducting  materials  was 
that  in  which  they  are  applied  to  a  2-inch  pipe. 
The  cylinders  were  made  of  light  tin-plate,  and 
were  12  inches  long  hy  2}i  inches  external  diam- 
eter; the  upper  end  being  furnished  with  a  neck 
for  corking.  From  each  of  the  materials  to  be 
tried  a  cylinder  12  inches  in  length  and  fitting 
the  tin  closely  was  cut,  and  also  a  disk  of  the 
same  material  for  the  top  and  bottom,  the  upper 
disk  being  perforated  to  admit  the  neck  of  the 
tin  cylinder.  The  cylinders,  after  being  prop- 
erly encased  by  the  coverings  to  be  tried,  were 
filled  with  boiling  water,  and  the  thermometers 
30 
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inserted  through  the  perforated  corks.  The  fall 
in  temperature  of  the  water  was  noted  at  regular 
intervals,  and  it  w^as  found  that  repetitions  of  the 
experiment  under  like  conditions  gave  results 
agreeing  closely.  Hot  glycerine  was  substituted 
for  the  water,  and  with  this  a  much  higher  tem- 
perature was  obtained.  It  was  found,  however, 
that  the  relative  efficiency  of  the  non-conductors 
was  not  the  same  under  all  conditions;  for  when 
the  cylinders  and  their  coverings  were  heated  by 
exposure  over  night  in  an'  oven  at  a  temperature 
of  270°  F.,  the  relative  conductivity  was  re- 
versed with  respect  to  several  of  the  non-con- 
ductors. It  was  accordingly  decided  to  abandon 
this  method  of  testing  for  one  in  which  the  con- 
ditions should  approximate  more  closely  to  those 
of  actual  practice. 

The  coverings  submitted  to  trial  are  enumer- 
ated below.  A  sufficient  quantity  of  each  for 
covering  6  feet  of  2-inch  pipe  was  purchased 
from  the  manufacturers  or  their  agents. 

1.  Hair-Felt. — This  was  wrapped  around  the 
pipe  in  single  thickness  and  secured  by  twine 
wound  spirally  about  it.  Around  the  hair-felt 
was  wrapped  a  covering  of  ordinary  burlap  of 
single  thickness,  also  fastened  by  twine  wound 
spirally.  The  covering  was  4^  inches  in  diam- 
eter and  weighed  12^  ounces  per  linear  foot. 

2.  Sectional  Carbonate  of  Magnesia  Coverings 
made  by  the  Magnesia  Sectional  Covering  Com* 
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pany*,  Philadelphia. — This  consisted  of  hollow 
cylinders  of  the  magnesia  compound  already  de- 
scribed, 3  feet  in  length  and  bisected  longitudin- 
ally. The  two  halves  are  held  together  by  a 
jacket  of  asbestos  paper,  which  forms  a  hinge. 
The  covering  is  closed  about  the  pipe  and  se'- 
cured  by  bands  of  japanned  hoop-iron  disposed 
at  intervals  of  18  inches.  This  covering  was 
4^  inches  in  diameter,  and  weighed,  with  the 
bands,  20^  ounces  per  linear  foot. 

3.  Sectional  Carboiiate  of  Magnesia  Coverings 
the  same  as  No.  2,  but  having  a  jacket  of  cotton 
duck  or  light  canvas  instead  of  the  asbestos- 
paper  jacket.     Weight  same  as  No.  2. 

4.  Sectional  Mineral  Wool  Coverings  made  by 
the  American  Steam  Covering  Company,  New 
York.  A  hollow  envelope  of  asbestos  paper, 
lined  with  mineral  wool  or  spun  slag,  and  having 
an  exterior  jacket  of  cotton  drill  or  muslin.  The 
covering  is  secured  to  the  pipe  by  twine  and 
bands  of  muslin,  or  by  pasting  down  the  pro- 
jecting flap  of  asbestos  paper.  Diameter  5^^ 
inches.     Weight  28^  ounces  per  linear  foot. 

5.  Chalmers-Spence  Company^  s  Patent  Remov- 
able Coverings, — These  consist  of  hollow  cylin- 
ders of  a  complex  structure.  Nearest  the  pipe 
is  a  layer  of  asbestos  paper,  next  a  layer  of  as- 
bestos fiber,  then  a  layer  of  sheathing  paper, 
next  a  layer  of  hair-felt,  and  upon  this  another 

*No.  9,  N/  Fifth  street,  Philadelphia,  Pa. 
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layer  of  sheathing-paper.  One  side  of  the  hoi* 
low  cylinder  is  cut  lengthwise,  and  to  apply  it  to 
the  pipe,  the  meeting  edges  are  drawn  apart,  the 
cylinder  sprung  upon  the  pipe,  and  fastened  with 
double-pointed  tacks.  The  joints  are  covered 
by  bands  of  sheathing-paper.  Weight,  with  6 
double-pointed  tacks,  28  J^  ounces  per  linear  foot 
Diameter  4^^  inches. 

6.  Bradley^  s  Insulated  Air  Coverings  made  by 
Shields  &  Brown,  New  York. — ^Hollow  cylinders 
3  feet  long,  consisting  of  nineteen  layers  of  stout 
paper.  Nearest  the  pipe  is  a  sheet  of  asbestos 
paper,  next  two  sheets  of  sheathing-paper,  one 
sheet  of  asbestos  paper,  two  of  sheathing  paper, 
another  of  asbestos  paper,  and  twelve  more  of 
sheathing-paper.  The  sheathing-paper  is  alter- 
nately smooth  and  pressed  or  embossed.  The 
cylinders  are  placed  upon  the  pipe,  the  edges 
drawn  together  and  secured  by  double-pointed 
tacks,  and  the  joints  sealed  with  strips  of  paper. 
Diameter  4}^  inches.  Weight,  with  tacks,  2*]% 
dunces  per  linear  foot. 

7.  Reed^s  Pipe  Covering, — Paper  cylinders 
composed  of  about  twelve  sheets  of  paper,  the 
inner  one  of  which  is  asbestos  paper.  The  cov- 
ering is  applied  in  the  same  manner  as  No.  5, 
by  forcing  open  the  edges  and  springing  upoti 
the  pipe.  Diameter  4^  inches.  Weight,  with 
tacks,  26^  ounces  per  linear  foot 

8.  Fossil  Meal  Pipe  Covering^  from  the  Fossil 
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Meal  Company,  New  York. — A  dry  mixture  of 
diatomaceous  earth  with  organic  fiber  (hair, 
manilla,  etc.).  Contains  probably  also  some 
starchy  material  like  flour.  It  is  mixed  with 
water  and  applied  to  the  pipe  with  a  trowel. 
Diameter  of  covering-  3^  inches.  Weight  24 
ounces  per  linear  foot. 

Six  feet  of  each  of  these  coverings  was  applied 
in  the  proper  manner  to  the  inclined  pipes. 
The  pipes  were  parallel  and  placed  at  such  inter- 
vals that  about  three  inches  space  intervened  be- 
tween the  coverings.  They  all  received  their 
steam  from  the  main  steam  pipe,  of  which  they 
were  branches.  At  each  end  of  the  series  was 
an  extra  pipe,  also  covered,  which  served  to 
place  the  first  and  last  of  the  coverings  under 
trial  in  as  nearly  as  possible  the  same  circum- 
stances as  the  others.  The  pipes  were  located 
in  a  small  engine-room  adjacent  to  the  boiler- 
room  ;  the  doors  and  windows  were  kept  closed, 
so  that  there  should  be  no  drafts  of  air  during 
the  trials.  On  the  mornings  of  the  days  of  the 
trials,  the  steam  was  admitted  into  the  appara- 
tus, the  stopcocks  being  closed.  At  the  end  of 
each  hour,  the  water  condensed  in  the  pipes  was 
drawn  off*  into  graduated  cylinders  and  measured. 
It  was  found  that  during  the  forenoon  the  con- 
densations became  less  each  hour,  and  it  was  not 
until  2  or  3  o*clock  in  the  afternoon,  when 
everything  was  heated  to  the  maximum,  that  the 
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condensations  became  uniform.  At  this  point 
the  conditions  of  actual  practice  were  established^ 
and  the  rate  of  condensation  then  existing  is 
that  by  which  we  have  to  judge  the  efficiency  of 
the  different  covering  materials.  The  trials 
were  continued  several  days,  and  there  was  no 
material  difference  between  the  results  obtained 
during  the  different  days.  The  pressure  of 
steam  ranged  between  65  and  75  pounds  to  the 
square  inch  during  the  trials,  and  the  tempera- 
ture of  the  room  was  about  /o^P.  The  conden- 
sation within  the  caps,  which  were  well  wrapped 
with  cotton-wool,  was  unimportant  with  respect 
to  that  of  the  6  feet  of  pipe,  and  was  disregarded 
in  calculating  the  results.  The  condensation  in 
the  differently  covered  pipes  was  as  follows : 

Grams,    Grams. 
No.  I.  Hair-felt 208    or   34I  per  foot  per  hour. 

*  2.  Carbonate  magnesia.  227 
'    3.  Carbonate  magnesia.  228 

*  4.  Mineral  wool 231 

*  5.  Chalmers-Spence  .   .  250 

*  6.  Shields  &  Brown  .   .  255 
**  7.  Reed's 270 

*  8.  Fossil  meal 345 

The  average  temperature  of  the  steam  being 
150.5°  C.  (302.9°  F.),  its  latent  heat  was  501.9^ 
C.  (935.4°  F.).  The  condensation  in  No  i  was 
34^  grammes  per  foot  per  hour.  We  have,  then, 
as  the  loss  by  condensation,  34^  x  501-9  X  nftrn 
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sc  18.39  kilogram-Centigrade  heat-units  per  foot 
per  hoiin  In  the  same  way  we  may  deduce  for 
the  other  materials: 

No.  2  .   .18.97  kilogram-centigrade  heat-units  per  ft.  per  hr. 
"    3  .   .  19.07  "  "  " 

"    4 .   .  19.32  "  "  " 

**    5.   .20.90  "  "  " 


6     .  21.33 
22.58 


I  7  • 

"    8.    .28.86 


These  results  may  be  reduced  to  pound-Fah- 
renheit heat-units  by  multiplying  by  |  x  2.205. 
This  gives  for: 


No. 

I  .  .69.02  pound- 

Fahrenheit  heat-units 

per 

ft. 

per  hour. 

2.   .75.29 

3-   -75.68 

4  .   .  76.68 

•                  -   m 

5-   -82.95 

6  .   .  84.65 

7  .   .  89.62 

8  .  .114.54 

n 

From  these  experiments  it  appears  that,  of  the 
materials  tried,  the  hair-felt  covering  was  the 
most  non-conducting.  The  magnesia  covering 
ranked  next,  and  close  upon  it  came  the  mineral 
wool.  Following  this  came  the  paper  coverings, 
and  finally  the  fossil  meal. 

All  non-conducting  materials  may  be  divided, 
with  respect  to  their  composition,  into  two 
classes:     ist,  Those  composed  essentially  of  or- 
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ganic  substances,  as  hair,  paper,  straw,  etc. ;  and 
2d,  Those  consisting  of  natural  or  artificial  min- 
eral substances,  as  asbestos,  magnesia,  slag- wool, 
etc. 

Of  all  the  organic  substances  that  have  been 
employed  as  non-conductors,  there  is  probably 
none  that  merits  recognition  as  a  covering  mate- 
rial for  hot  steam-pipes.  This  fact  has  been 
more  saliently  thrust  upon  the  attention  gf 
steam-users  from  year  to  year,  by  the  fires  the 
origin  of  which  is  ascribed  to  the  combustibility 
of  this  class  of  pipe-covering  materials.  The 
solicitude  of  the  insurance  companies  has  been 
enlisted  in  the  subject,  and  they  have  repeatedly 
instituted  very  exhaustive  investigations  by 
scientific  men,  whose  reports  on  these  experi* 
ments  form  the  major  part  of  the  literature  of 
non-conducting  materials.  Several  of  these  m^ 
terials,  the  paper  coverings  especially,  are  knowu 
to  have  taken  fire  spontaneously  after  being  ex- 
posed for  a  long  time  to  the  heat  of  pipes  carry- 
ing steam  under  ordinary  pressures.  And  those 
of  the  organic  materials  that  do  not. burst  into 
flame  under  the  conditions  prevailing,  are,  with 
few  exceptions,  subject  to  deterioration  by  char- 
xing,  which  proceeds  with  a  rapidity  and  to  an 
extent  that  depends  upon  the  temperature  of  the 
steam  used.  Aside  from  the  possible  danger  of 
conflagrations  from  these  charring  and  tinder- 
like substances,  the  changes  which  they  undergo 
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usually  impair  their  non-conducting  qualities. 
A  covering  of  hair-felt  upon  a  steam-pipe,  espec- 
ially upon  a  horizontal  pipe,  will  soon  become 
so  charred  upon  the  inside,  the  hair  assuming  a 
pulverulent  condition,  in  which  it  has  been  com- 
pared to  snuff,  that  the  covering  hangs  tangenti- 
ally  to  the  pipe,  forming  a  channel  or  flue  along 
the  pipe,  through  which  a  free  circulation  of  air 
and  escape  of  heat  will  take  place,  if  perchance 
there  be  any  opening  in  the  covering.  It  has 
been  attempted  to  prevent  the  charring  of  these 
substances  by  the  interposition  of  air-spaces  and 
of  layers  of  asbestos  paper  between  the  covering 
material  and  the  pipe,  but  these  attempts  have 
met  with  only  partial  success.  Asbestos  paper 
is  a  fair  conductor  of  heat,  and  while  it  some- 
what retards,  does  not  prevent  this  charring. 
Some  of  these  fibrous  organic  substances,  such 
as  hair-felt,  cotton-wool,  etc.,  are,  in  their  nor- 
mal condition,  excellent  non-conductors  of  heat; 
and  it  is  to  be  regretted  that  they  retain  their 
desirable  qualities  for  only  a  limited  time,  and 
are  too  often  subject  to  the  liability  of  taking 
fire. 

The  mineral  non-conducting  materials  are,  as 
a  class,  less  non-conducting  than  those  com- 
posed of  organic  substances;  but  they  are  also 
less  liable  to  deterioration,  and  enjoy  an  im- 
munity from  danger  of  fire.  Asbestos,  which 
has  been  used  to  some  extent  for  covering  steam- 
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pipes,  is  a  tolerably  good  conductor  of  heat,  and 
there  seems  to  be  little  reason  for  its  application 
as  a  pipe-covering  material.  The  province  of 
asbestos  is  rather  that  of  a  very  convenient  in- 
combustible fiber,  than  that  of  a  non-conductor 
of  heat.  It  is  only  when  the  fiber  is  in  a  very 
soft  and  downy  condition,  and  full  of  air,  that 
asbestos  is  of  much  value  as  a  non-conductor. 
But  in  this  respect  it  never  approaches  the  nature 
of  the  structure  of  slag-wool,  which  is,  at  least 
when  fresh,  an  excellent  non-conductor  of  heat. 
The  mineral  wool  consists  of  a  mass  of  extremely 
fine  interlocking  fibers,  which  form  multitudes 
of  minute  air-chambers,  to  which  is  due  the  non- 
conductivity  of  the  substance.  The  fiber  is, 
however,  extremely  glass-like  and  brittle,  and 
will  not  bear  much  handling.  It  doubtless 
merits  the  reputation  which  it  has,  of  becoming 
broken  and  pulverized  by  repeated  heating  and 
cooling,  and  by  the  vibrations  and  jarring  of 
steam-pipes.  The  powder  then  collects  at  the 
bottom  of  the  paper-bags,  leaving  the  top  of  the 
pipes  comparatively  unprotected.  This  reputa- 
tion the  mineral  wool  shares  with  the  asbestos 
fiber,  but  is  certainly  more  entitled  to  it  than 
the  latter  substance.  Much  has  been  said  of  the 
corrosive  action  of  mineral  wool  upon  iron  pipes, 
and  Professor  Egleston,  in  a  paper  read  before 
the  American  Society  of  Civil  Engineers,  has 
demonstrated  that  under  certain  adverse  condi- 
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tions,  such  a  corrosion  does  take  place.  But  it 
is  probable  that  mineral  wool  made  from  slags  . 
that  are  free  from  sulphates  and  sulphides,  those 
of  lime  particularly,  will  not  be  liable  to  this  ob- 
jection, especially  if  dampness  of  the  coverings 
be  avoided. 

The  high  degree  of  excellence  of  the  carbon- 
ate of  magnesia  coverings  is  due  to  the  myriads 
of  microscopic  air-cells  contained  in  the  fnag-. 
nesia  alba^  and  to  its  entire  freedom  from  crys- 
talline structure.  The  paper  coverings  show  a 
fair  degree  of  non-conductivity,  but  have  the 
drawback  of  being  short-lived  and  hazardous. 
The  mineral  wool  gave  better  results,  but  the 
covering  was  also  much  thicker  than  the  paper 
cylinders.  Fossil  meal  was  the  poorest  of  the 
non-conductors  tried,  probably  because  of  its  too 
great  density.  The  covering  was,  however,  little 
over  five-eighths  of  an  inch  thick,  and  a  greater 
thickness  might  have  given  better  results.  This 
thickness  (^  inch)  is  that  recommended  by  the 
makers,  and  the  quantity  sent  by  them  to  fill  au 
order  for  covering  6  feet  of  2-inch  pipe,  was  no 
more  than  sufficient  to  yield  a  covering  about 
five-eighths  of  an  inch  in  depth. 

For  ease  of  application  and  removal,  none  of 
the  materials  tried  equaled  the  magnesia  cover- 
ings. The  sections  can  be  applied  to  the  pipes 
at  a  rapid  rate  by  means  of  the  convenient  metal- 
lic straps.     Next  come  the  mineral-wool  cover- 
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ings,  and  the  paper  cylinders  which  are  secured 
by  staples,  then  the  hair-felt,  and  lastly  the  fos* 
sil  meal.  The  application  of  the  latter  material 
requires  some  practice:  a  mason  was  occupied 
the  greater  part  of  a  day  in  plastering  the  6-foot 
pipe  experimented  with. 

In  point  of  appearance  the  above  order  also 
prevails,  the  magnesia  sections  being  the  hand- 
somest, and  the  mud-like  and  uneven  fossil-meal 
paste  the  least  sightly  of  the  coverings.  The 
slight  difference  of  radiation  between  the  asbes- 
tos-paper-covered and  the  canvas-covered  mag- 
nesia sections,  was  probably  more  due  to  an  ac- 
cident in  the  manufacture,  than  to  the  difference 
in  the  jacketing  material.  When  absolute  inde- 
structibility of  the  external  jacket  is  less  a  de- 
sideratum than  beauty  of  exterior,  the  woven 
jackets  are  to  be  preferred.  A  coat  of  water- 
glass  or  other  fire-proof  paint  would  serve  to 
render  them  uninflammable. 

With  reference  to  the  economy  and  cost  of 
non-conducting  materials,  it  may  be  said  that 
the  material  which  is  in  the  greatest  degree 
non-conducting,  incombustible  and  durable, 
will  prove  the  most  economical,  even  though 
its  first  cost  be  greater  than  that  of  an  inferior 
article.  Experiments  with  naked  pipes  show 
that  a  2-inch  pipe,  carrying  steam  at  6o-pounds 
pressure,  will  condense  i8o  grammes  per  foot 
per  hour.     Covered  with  a  good  covering  like 
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magiiesiuiii  carbonate,  the  condensation  will  be 
but  38  grammes  per  foot  per  hour,  a  saving  of 
142  grammes  per  foot  per  hour,  which  is  equiva- 
lent to  3. 13  pounds  of  steam  per  day  of  ten  hours 
for  each  foot  of  pipe  covered.  The  covering  of 
100  feet  of  pipe,  then,  will  save  in  a  ye^r  of  300 
ten-hour  days,  the  coal  necessary  to  convert 
93,900  pounds  of  water  into  steam.  One  pound 
of  bituminous  coal  is  capable  of  making  about 
8.5  pounds  of  steam,  so  the  saving  of  coal  due  to 
the  100  feet  of  covering  would  be  5^^  tons  per 
year,  which,  at  $4  per  ton,  amounts  to  $22.  The 
real  saving  will  probably  amount  to  more  than 
this  estimate  in  most  cases:  and  it  may  be  said 
in  round  terms,  that  the  100  feet  of  covering 
causes  each  year  a  saving  of  its  own  first  cost 
($25).  Inasmuch  as  the  material  pays  for  itself 
in  a  year,  and  will  last  indefinitely  under  ordi- 
nary conditions,  its  advantageousness  is  beyond 
question. 

From  all  that  precedes,  the  conclusion  drawn 
regarding  the  magnesium  carbonate  coverings 
is  that  they  are  the  lightest  and  most  durable  of 
all  the  mineral  non-conductors,  and  the  hand- 
somest and  most  efficient  of  all  coverings  for 
steam-pipes. 

The  appended  table  presents  a  resume  of  the 
results  of  the  experiments. 
31 
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POSTSCRIPT. 

Since  the  foregoing  was  written,  the  author  has 
received  forexaniinatioiiasanipleof  Ainsworth's 
Plastic  Pipe  Covering, 

This  is  a  sinootii,  plastic,  putty-like  material, 
which  appears  to  consist  essentially  of  clay, 
paper-pnip  and  hair.  It  is  applied  to  the  pipe 
with  a  trowel,  and  forms  a  covering  similar  in 
appearance  to  the  Fossil-Meal  Covering  (No.  8). 
It  was  tested  in  connection  with  the  Magnesia 
Sectional  Covering  (No,  3),  in  the  manner 
already  described.  The  result  of  several  trials 
was  as  follows: 
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Ducripllon  of  covering.                                 't 

.1 

II 

^1 
A 

3.  Mi^B-e'iaScclton.nll'ipetovcri,,!; %\   i% 

ti  'VA 

The  inefficiency  of  tlie  Aiiisworth  covering  as 
a  non-conductor  of  heat  is  due  to  its  great 
density  and  its  comparative  lack  of  porosity. 

I  have  also  made  trials  of  Plastic  Magnesia 
and  the  Ainsworth  Pfastic  Covering,  the  resnlla 
of  which  are  as  follows: 


Ma^niesk  sectional.  . 
Aiiiswortli's  Plastic.  . 
Mngiiesia.  Plastic.  .    . 


THE  PREVENTION   AND   RKMOVAI.  OK    SCALE   IN 
STKAM   BOILERS. 

There  is  no  subject  in  connection  with  the 
use  of  steam  of  so  much  importance  as  that  of 
the  prevention  of  deterioration  of  boilers  from 
the  injurious  effects  resnltiug  from  an  accumula- 
tion of  scale  on  the  interior  surfaces,  and  from 
the  feed  waters  containing  chemical  ingredients, 
which  attack  the  iron,  producing  some  one  of 
the  numerous  forms  of  corrosion,  and  to  which 
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cause,  no  doubt,  are  due  many  disastrous  explo* 
sions,  entailing  great  loss  of  life  and  {)roperty: 
but  under  more  favorable  conditions,  which, 
though  not  culminating  disastrously,  neverthe- 
less add  considerably  to  the  cost  in  producting 
the  required  power.  Lord's  Compound,  a  chemi- 
cal preparation,  has  been  used  successfully  for 
many  years  by  more  than  twenty  thousand 
representative  establishments  throughout  the 
United  States  and  Canada,  and  is  highly  recom- 
mended for  neutralizing  the  acids  in  feed  waters, 
and  also  for  the  prevention  and  removal  of  scaly 
deposits,  without  in  any  manner  injuring  the 
material  of  the  boiler. 

This  compound  is  manufactured  dry,  in  the 
form  of  a  granulated  powder,  in  appearance  re- 
sembling common  brown  sugar,  and  is  put  up  in 
packages  of  convenient  size — half  barrels,  bar- 
rels, and  casks — covering  a  wide  range  in  weight, 
of  from  twenty-five  to  five  hundred  pounds,  for 
the  convenience  of  large  and  small  consumers. 
It  readily  dissolves  in  water,  and  can  therefore 
be  applied  in  a  dry  state  through  the  man-hole, 
or  in  a  liquid  state  by  the  feed  pump,  whichever 
is  most  convenient. 

The  quantity  for  an  application  will  depend 
upon  the  nature  and  amount  of  water  evaporated, 
the  composition  of  the  scale,  the  construction  of 
the  boiler,  etc.,  but  for  general  use  a  half  pound 
per  horse-power  per  month  has  been  found  to 
give  satisfactory  results. 
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It  IS  important  in  all  cases  to  remove  the  mari- 
and  hand-hole  covers  at  stated  intervals,  clean 
out  the  sediment  which  is  sure  to  accumulate^ 
under  all  circumstances  on  the  bottom  of  the 
boiler,  subjecting  it  to  the  liability  of  overheat- 
ing, and  probably  rupture;  but  it  is  impera- 
tively necessary  to  be  awake  to  this  important 
duty  when  using  '* Lord's  Compound,"  as  the 
scale  on  the  tubes  and  upper  portions  of  the 
boiler  being  detached  by  it,  is  in  time  precipi- 
tated to  the  bottom,  increasing  the  accumulation 
there  and  also  the  danger  of  overheating,  if/ as 
in  many  cases,  the  fire  is  in  direct  contact  with" 
it. 

When  judiciously  applied,  this  compound  will 
never  fail  to  meet  the  most  sanguine  expecta- 
tions of  the  purchaser,  but  being  composed  of 
chemicals  which  are  harmless  to  boiler  material, 
its  action  may  require  a  longer  period  than 
would  be  needed  by  many  of  the  dangerous  and 
worthless  compounds  made  of  refuse  acids, 
which,  while  removing  the  scale,  likewise 
destroy  the  boiler  iron  by  their  corrosive  action. 

Lord's  Compound  is  probably  the  only  one  of 
its  kind  that  is  unanimously  endorsed  by  profes- 
sional men  throughout  the  length  and  breadth 
of  this  continent,  among  whom  are  authors  of 
mechanical  books,  engineers  in  charge  of  works,, 
practical  chemists,  professional  inspectors,  and 
manufacturers  having  large  capital  invested  iu 
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steam  boilers.  This  unanimous  endorsement  is 
probably  due  to  the  fact  that  not  a  single  acci- 
dent has  occurred  to  any  boiler  using  this  com- 
pound, although  they  are  to  be  found  in  every 
steam-using  locality  from  Canada  to  Mexico,  and 
from  Maine  to  the  Pacific  slope.  No  stronger 
recommendation  of  its  merits  can  be  given. 

This  compound  is  manufactured  by  Mr.   G. 
W.  Lord,  316  Union  street,  Philadelphia,  Pa. 

FLOW  OF  STEAM   FROM   A  GIVEN  ORIFICE. 

1.  Where  the  steam  escapes  into  a  pressure 
less  than  half  that  in  the  boiler : — 

H=— — ;  where  H  =  norse-power,  p—  pres- 

•ure  of  steam  by  guage,  a  =  area  of  orifice  in  square  inches, 
and  ifc  is  a  co-efficient  =  .93  for  a  short  cylindrical  pipe,  or 
.63  for  a  thin  opening,  or  for  a  safety  yalve. 

2.  Where  the  steam  flows  into  a  pressure  more 
than  half  the  pressure  in  the  boiler : — 


H  =-: 3.8  a  ^  ^\P-\-  15  —  d)  d ;  in  which  </=  difference  in 
pressure  between  the  two  sides,  in  pounds  per  square  inch, 
and  a  p  and  k  as  above. 

3.  Where  a  given  horse-power  is  required  to 
flow  through  a  given  opening,  to  determine  the 
necessary  difference  in  pressure : — 


2         A/       4  \^(^k 

To  reduce  either  of  the  above  to  pounds  pet 
hour,  multiply  H  by  30. 

For  pounds  per  minute  divide  H  by  2. 
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PROPERTIES  OF  SATURATED  STEAM. 
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FLOW  OF  STEAM  THROUGH  PIPES. 

The  quantity  of  steam  flowing  through  a  pipe 
in  a  given  time  under  a  given  '*  head  "  or  loss  oi 
pressure,  increases  more  rapidly  than  the  area  of 
the  pipe,  or  its  ratio  to  the  length,  directly  as  the 
square  root  of  the  density,  and  of  the  loss  of 
pressure,  and  inversely  as  the  square  root  of  the 
length. 

The  following  table  gives  approximately  the 
weight  of  steam  per  minute  which  will  flow  from 
various  initial  pressures,  with  a  loss  of  pressure 
due  to  friction  of  one  pound  per  square  inch, 
through  difierent  sizes  of  straight  smooth  pipes, 
each  having  a  length  of  240  times  its  own  diame- 
ter  (equal  to  20  feet  for  each  inch  in  diameter). 
It  has  been  calculated  by  the  formula : 


^  (Pi— P2) 


In  which  d=diameter  in  inches,  D=density 
or  weight  per  cubic  foot;  pi  the  initial  pressure, 
p2  the  pressure  at  end  of  pipe,  and  Iy=the  length 
expressed  in  diameters.  For  sizes  of  pipe  below 
6  inch,  the  flow  is  calculated  from  the  actual 
areas  of  *'  standard  "  pipe  of  such  nominal  diame- 
ters. 
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For  horse  power,  multiply  the  figures  in  the 
cable  by  2.  For  any  other  loss  of  pressure, 
multiply  by  the  square  root  of  the  given  loss. 
For  any  other  length  of  pipe,  divide  240  by  the 
given  length  expressed  in  diameters^  and  mul^ 
tiply  the  figures  in  the  table  by  the  square  root  of 
this  quotient^  which  will  give  the  flow  for  i  lb. 
loss  of  pressure.  Conversely,  dividing  the  given 
length  by  240  will  give  the  loss  of  pressure  for 
the  flow  given  in  the  table. 

The  resistance  to  the  steam  entering  the  pipe, 
when  it  is  not  provided  with  special  bell  mouth 
opening,  is  equal  to  the  friction  of  60  diameters 
additional  length,  or  25  per  cent,  additional  loss 
of  pressure  under  the  conditions  of  the  table.  A 
globe  valve  may  be  estimated  as  60,  and  each 
elbow  as  40  diameters  additional  length.  Thus, 
a  pipe  120  diameters  in  length,  with  one  globe 
valve  and  three  elbows,  would  have  i^  lbs.  loss 
of  pressure  with  the  flow  given  in  the  table,  or 
deliver  i  -^  ^FvT  =^  ^^-7  P^^  cent,  of  the  steam, 
with  one  pound  loss  of  pressure.  These  equiva- 
lents, viz  : — 60  for  opening,  60  for  each  globe 
valve,  and  40  for  each  elbow  must  be  added  in 
all  cases  in  estimating  the  length  of  pipe;  thus 
in  the  case  just  given,  120  -|-  60  4-  60  4-  (3  x  40) 
=  300  =  240  X  i/^- 

(^.  ,  1  CHIMNEY3. 

Chimneys  are  required  for  two  purposes — ist, 
to  carry  off"  obnoxious  gases;  2d,   to  produce  a 
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draught,  and  so  facilitate  combustion.     The  first 
requires  size,  the  second  height. 

Each  pound  of  coal  burned  yields  from  13  to 
30  pounds  of  gas,  the  volume  of  which  varies 
with  the  temperature. 

The  weight  of  gas  carried  off  by  a  chimney  in 
a  given  time  depends  upon  three  things — ^e  of 
chimney.  vel^city^pX-fluw,   and  density  of  ^as. 
But  as  the  density  decreases "direGdyvgg^ the  abso-     ijJU.yjt.  I'',/  I 
lute  temperature,  while  the  velocity  increases,  ^->, 

with  a  given  height,  nearly  as  the  square  root 
of  the  To iii]H  .atuiie,  it  follows  that  there  is  a  tem- 
perature at  which  the  weight  of  gas  delivered  is^ 
a   maximum.     This  is   about   550°   above,    the; 
surrounding  air.     Temperature,  however,  makes] 
so  little  difference,  that  at  550°  above,  the  quan- 
tity is  only  four  per  cent,  greater  than  at  300°. 
Therefore,  height  and  area  are  the  only  elements  * 
necessary  to  consider  in  an  ordinary  chimney. 

The  intensity  of  draught  is,  howev^er,  indepen- 
dent of  the-swe,  and  depends  upon  the  difference 
in  weight  of  the  outside  and  inside  columns  of 
air,  which  varies  directly  with  the  product  of  the 
height  into  the  difference  of  temperature.  This 
is  usually  stated  in  an  equivalent  column  of 
water,  and  may  vary  from  o  to  possibly  2  inches. 

To  find  the  maximum  draught  for  any  given 
chimney,  the  heated  column  being  612°  F.,  and 
the  external  air  62^  : — Multiply  the  height  above 
grate  in  feet  by  .ooy^^  and  the  product  is  the 
draught  power  in  inches  ofivater. 
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The  intensity  of  draught  required  varies  with 
the  kind  and  condition  of  the  fuel,  and  the  thick- 
ness of  the  fires.  Wood  requires  the  least,  and 
fine  coal  or  slack  the  most  To  burn  anthracite 
slack  to  advantage,  a  draught  of  i^  inch  of 
water  is  necessary,  which  can  be  attained  by  a 
well-proportioned  chimney  175  ft.  high. 

A  round  chimney  is  better  than  square,  and  a 
straight  flue  better  than  tapering,  though  it  may 
be  either  larger  or  smaller  at  top  without  detri- 
ment. 

The  effective  area  of  a  chimney  for  a  given 
power,  varies  inversely  as  the  square  root  of  the 
height.  The  actual  area,  in  practice,  should  be 
greater,  because  of  retardation  of  velocity  due  to 
friction  against  the  walls.  On  the  basis  that 
this  is  equal  to  a  layer  of  air  two  inches  thick 
over  the  whole  interior  surface,  and  that  a  com- 
mercial horse-power  requires  the  consumption 
of  an  average  of  5  pounds  of  coal  per  hour,  we 
have  the  following  formulae: 


H  =  3.33  B  /A 


D=^  13.54  ^/E  +  4  •   •   •  •   4 

^-■=("g~) 5 

In  which  H=horse-power;  A=height  of  chim- 
ney in  feet;  E=efFective  area,  and  A=actual 
area  in  square  feet;  S=side  of  square  chimney, 
and  D=dia.  of  round  chimney  in  inches.  The 
following  table  is  calculated  by  means  of  these 
formulae,  by  Wm.  Kent: 
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The  external  diameter  at  the  base  should  bfe 
one-tenth  the  height,  unless  it  be  supported  by 
some  other  structure.  The  '* batter"  or  taper 
of  a  chimney  should  be  from  ^^  to  J^  inch  to  the 
foot  on  each  side. 

Thickness  of  brick  work:  one  brick  (8  or  9  in- 
ches) for  25ft.  from  the  top,  increasing  5^  brick 
(4  or  4^  inches)  for  each  25ft  from  the  top 
downwards. 

If  the  inside  diameter  exceed  5  ft.  the  top 
length  should  be  i^  bricks,  and  if  under  3  ft.  it 
may  be  ^  brick  for  ten  feet. 

STEAM. 

A  cubic  inch  of  water  evaporated  under  ordi- 
nary atmospheric  pressure  is  converted  into  i 
cubic y&^/  of  steam  (approximately). 

Steam  at  atmospheric  pressure  flows  into  a 
vaaium  at  the  rate  of  about  1550  feet  per  second, 
and  into  the  atmosphere  at  the  rate  of  650  feet 
per  second. 

The  specific  gravity  of  steam  (at  atmospheric 
pressure)  is  .411  that  of  air  at  34°  Fahrenheit, 
and  .0006  that  of  water  at  same  temperature. 

27,222  cubic  feet  of  steam  weigh  one  pound: 
13^817  cubic  feet  of  air  weigh  i  pound. 

Locomotives  average  a  consumption  of  3000 
gallons  of  water  per  100  miles  run. 

The  best  designed  boilers,  well  set,  with  good 
draught  and  skillful  firing,  will  evaporate  from  7 
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to  lo  lbs.  of  water  per  pound  of  first-class  coal. 
The  average  result  is  from  25  to  60  per  cent  be- 
low this. 

In  calculating  horse-power  of  Tubular  or  Flue 
boilers,  consider  15  square  feet  of  heating  surface 
equivalent  to  one  nominal  horse-power. 

One  square  foot  of  grate  will  consume  on  an 
average  12  lbs.  of  coal  per  hour. 

Steam  engines,  in  economy,  vary  from  20  to 
60  lbs.  of  feed  water  and  from  2  to  7  lbs.  of  coal 
per  hour  per  indicated  H.  P. 

Condensing  engines  require  from  20  to  30  gal- 
lons of  water  to  condense  the  steam  represented 
by  every  gallon  of  water  evaporated — approxi- 
mately for  most  engines,  we  say,  from  i  to  i>^ 
gallons  per  minute  per  I.  H.  P.  Jet  condensers 
do  not  require  quite  as  much  water  for  condens- 
ing as  Surface  condensers. 

Surface  condensers  should  have  about  2  square 
feet  of  tube  (cooling)  surface  per  horse-power  of 

steam    engine.     It is   absolutely    necessary   to  1 

place  air-pumps  below  condensers  to  getsatisfac-  If        ''^> 
tory  results. 
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JLKTIO  OF  VACUUM  TO  TBMPKRATURit  (FAH&BNHEIT)  OF 

FEED  WATER. 


o 


00     inches,  Vacuum 212 

II  **  **        I90*» 

18  •*  " i7o<» 

22>i         "  **        i5o*» 

*25  "  "        135^ 

27K  "  "  112*^ 

2S)4  "  "  92*^ 

29  **  *'  72® 

29K         "  "        52** 

WEIGHT  AND  COMPARATIVE  FUEI.  VAI,UE  OF  WOOD. 

I  Cord  Air-dried  Hickory  or  Hard  Maple  weighs  about 
4500  lbs.,  and  is  equal  to  about  2000  lbs.  coal. 

I  Cord  Air-dried  White  Oak  weighs  about  3850  lbs.,  and  is 
equal  to  about  17 15  lbs.  coal. 

I  Cord  Air-dried  Beach,  Red  Oak  or  Black  Oak,  weighs 
about  3250  lbs.,  and  is  equal  to  about  1450  lbs.  coal. 

I  Cord  Air-dried  Poplar  (whitewood).  Chestnut  or  Elm, 
weighs  about  2350  lbs.,  and  is  equal  to  about  1050  lbs.  coal. 

I  Cord  Air-dried  Average  Pine,  weighs  about  2000  lbs.,  and 
is  equal  to  about  925  lbs.  coal. 

From  the  above  it  is  safe  to  assume  that  2^ 
lbs.  of  dry  wood  is  equal  to  i  lb.  average  quality 
of  soft  coal,  and  that  the  full  value  of  the  same 
weight  of  diflferent  woods  is  very  nearly  the 
same — that  is,  a  pound  of  hickor>''  is  worth  no 
more  for  fuel  than  a  pound  of  pine,  assuming 
both  to  be  dry.  It  is  important  that  the  wood 
be  dry,  as  each  10  per  cent  of  water  or  moisture 
in  wood  will  detract  about  12  per  cent  from  its 
value  as  fuel. 

*  Usually  considered  the  standard  point  of  efficiency — Condenser  and 
A.ir  Pump  being  well  proportioned. 
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DUTY  OF  STEAM   ENGINES. 

A  well-known  engineer  of  high  authority  gives 
the  following  comparative  figures  showing  the 
economy  of  high  grade  steam  engines  in  actual 
practice: 


Type  of  Es^ginb'. 

mperatureof 
feed  Water. 

t)s.  of  Water 
aporated  per 
f  Cumberland 
Coal. 

mds  of  Steam 
I.  H.  P.  used 
per  hour. 

undsof  Cum- 
and  Coal  used 
r  I.  H.  P.  per 
hour. 

^  0  boo 

^2 

a 

O'C  4» 

Nou-Condensing  .  . 

210° 

10.5 

29. 

2-75 

I0.0073 

Condensing  .... 

100° 

9-4 

20. 

2.12 

0.0056 

Compound  Jacketed 

100° 

9-4 

17. 

1. 81 

0.0045 

*5^*The  effect  of  a  good  condenser  and  air 
pump  should  be  to  make  available  about  10  lbs. 
more  mean  effective  pressure,  with  the  same 
terminal  pressure;  or  to  give  the  same  mean 
effective  pressure  with  a  correspondingly  less 
terminal  pressure.  When  the  load  on  the  engine 
requires  20  lbs.  M.  E.  P.,  the  condenser  does 
half  the  work;  at  30  lbs.,  one-third  of  the  work; 
at  40  lbs.,  one-fourth,  and  so  on.  It  is  safe  to 
assume  that  practically  the  condenser  will  save 
from  one-fourth  to  one-third  of  the  fuel,  and  it 
can  be  applied  to  any  engine,  cut-off  or  throttling, 
where  a  sufficient  supply  of  water  is  available. 

TABUS  OF  SPECIFIC  GRAVITIES. 

Weight  of  a  cubic  inch 
in  pounds. 

Copper,  cast 3178 
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Iron,  cast 263 

Iron,  wrought 276 

Lead 4103 

Steel 2827 

Gun-metal 3177 

DIVISIONS  OF  DEGREES  OF  HEAT. 

The  thermometer  is  an  instrument  for  meas- 
uring sensible  heat.  It  consists  of  a  glass  tube  of 
very  fine  bore,  terminating  in  a  bulb.  This  bulb 
is  filled  with  mercury,  and  the  top  of  the  tube 
is  hermetically  sealed  after  all  the  air  has  beea 
expelled.  The  instrument  is  then  put  into  steam 
arising  from  boiling  water,  and  when  the  bar- 
ometer stands  at  30  inches,  a  mark  is  placed  on 
a  scale  affixed  opposite  the  place  the  mercury 
stands  at.  It  is  again  put  in  melting  ice  and 
the  scale  again  marked.  The  space  between 
these  marks  is  divided  into  spaces  called  degrees. 
In  this  country  and  England  it  is  divided  into 
180  equal  parts,  calling  freezing  point  32°,  so 
that  the  boiling  point  is  212,  and  zero  or  o  is  32 
below  freezing  point;  and  this  scale  is  called 
Fahrenheit's.  On  the  continent  two  other  scales 
are  in  use:  the  Centigrade,  in  which  the  space  is 
divided  into  100  equal  parts,  hence  the  name; 
and  Reaumur's,  in  which  the  space  is  divided 
into  80.  In  both  of  these  scales  freezing  point 
is  o  or  zero;  so  that  the  boiling  point  of  Centi- 
grade is  100°  and  Reaumur  80°. 
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AVERAGE  BREAKING  AND  CRUSHING  STRAINS 

OF  IRON   AND  STEEI,. 

Breaking  strain  of  wrought  iron  =  23  tons 
Crushing  strain  of  wrought  iron  =17  tons 
Breaking  strain  of  cast  iron  about  ^yi  tons 
Crushing  strain  of  cast  iron  =^  50  tons  .  . 
Breaking  strain  of  steel  bars  about  50  tons 
Crushing  strain  of  steel  bars  up  to  116  tons 


Per  square 

inch 
of  section. 


PITTING  OF  MUD  DRUMS. 

-,.  Mud  drums  have  frequently  been  known  to  pit 
through  their  close  connection  to  the  brick  work 
with  which  they  are  covered.  When  the  boiler 
is  filled  with  cold  water,  the  iron  will  sweat. 
This  moisture  mixing  with  the  litne  of  the  brick* 
work  willy  after  a  length  of  time,  injure  the  iron. 
Mud  drums  are  injured  on  the  inside  by  a  similar 
chemical  action.  The  sediments  of  lime,  etc., 
deposit  there  where  their  action  goes  on  undis- 
turbed by  any  circulation.  To  prevent  pitting 
on  the  inside  from  this  cause,  blow  down  fre- 
quently, and  on  the  outside  keep  the  brick  oflf 
the  plates,  so  that  all  moisture  can  pass  off. 

PROPORTIONS  OF  VARIOUS  COMPOSITIONS  IN 

COMMON  USE. 

(in  100  PARTS.) 

Babbitt's  Metal ....  Tin  89,  Copper  3.7,  Antimony  7.3. 
Fine  Yellow  Brass.  .    .  Copper  66,  Zinc  34. 
Gun  Metal,  Valves,  &c.  Copper  90,  Tin  10. 

White  Brass Copper  10,  Zinc  80,  Tin  10. 

German  Silver  ....  Copper  33.3,  Zinc  33.4,  Nickel  33.3. 

Church  Bells CopperSo,  Zinc5.6,Tin  io.i,Ivead4.3. 

Gongs Copper  81.6,  Tin  18.4. 


380  STEAM   ENGINEERING. 

Lathe  Bushes Copper  80,  Tin  2a 

Machinery  Bearings.  .  Copper  87.5,  Tin  12.5. 

Muntz  Metal Copper  60,  Zinc  40. 

Sheathing  Metal  .   .   .  Copper  56,  Zinc  44. 

STEAM  HEATING. 

The  advantages  of  steam  heating  are  set  fortt 
by  Prof.  W.  P.  Trowbridge. 

1.  The  almost  absolute  freedom  from  risk  of 
fire  when  the  boiler  is  outside  of  the  walls  of  the 
building  to  be  heated,  and  the  comparative  im- 
munity under  all  circumstances. 

2.  When  the  mode  of  heating  is  the  indirect 
system,  with  box  coils  an<|  heaters  in  the  base- 
ment, almost  thorough  ventilation  may  be  se- 
cured, and  it  is  in  fact  concomitant  with  the 
heating. 

3.  Whatever  may  be  the  distance  of  the  rooms 
from  the  source  of  heat,  a  simple  steam  pipe  of 
small  diameter  conveys  the  heat.  From  the  in- 
direct heaters  underneath  the  apartments  to  be 
heated,  a  vertical  flue  to  each  apartment  places 
the  flow  of  the  low  heated  currents  of  the  air 
under  the  absolute  control  of  the  occupants  of 
the  apartment.  Uniformity  of  temperature, 
with  certainity  of  control,  may  be  thus  secured. 

4.  Proper  hygrometric  conditions  of  the  air 
are  better  attained.  As  the  system  supplies  large 
volumes  of  air  heated  only  slightly  above  the  ex- 
ternal temperature,  there  is  but  little  change  in 
the  relative  degree  of  moisture  of  the  air  as  i  I 
passes  through  the  apparatus. 
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5.  No  injurious  gases  can  pass  from  the  fur- 
nace into  the  air  flues. 

6.  When  the  method  of  heating  is  by  direct 
radiation  in  the  rooms,  the  advantages  of  steadi- 
ness and  control  of  temperature,  sufficient  mois- 
ture and  good  ventilation,  are  not  always  se- 
cured; but  this  is  rather  the  fault  of  design,  since 
all  these  requirements  are  quite  within  reach  of 
ordinarv  contrivances. 

7.  One  of  the  conspicuous  advantages  of  steam 
heating  is  that  the  most  extensive  buildings, 
whole  blocks,  and  even  large  districts  of  a  city, 
may  be  heated  from  one  source,  the  steam  at  the 
same  time  furnishing  power  where  needed  for 
ventilation  or  other  purposes,  and  being  imme- 
diately available  also  for  extinguishing  fires, 
either  directly  or  through  force  pumps. 

STEAM   COAI,. 

Steam  coal  being,  as  everybody  knows,  unques- 
tionably the  most  important  and  largest  expense 
in  the  manufacture  of  steam,  is  deserving  a  most 
careful  investigation  by  engineers  and  owners, 
who,  unlike  chemists  and  college  professors,  con- 
sider the  subject  wholly  in  a  practical  way  as 
relating  to  the  coal  bills  of  their  establishments. 

Useful  knowledge  of  every-day  economy  of 
coal  is  seldom  gained  by  '* tests"  conducted  by 
experts,  for  several  reasons  so  plain  that  they 
will  not  require  explanation,  ist.  The  cost  of 
the  fuel  used  in  "tests,"  whatever  may  be  stated, 
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is  too  high,  average  or  **every-day"  coal  not 
being  used.  The  experiments  are  made  with 
picked  men  and  picked  fuel,  for  brief  periods, 
with  everything  at  its  best,  and  the  results  ob- 
tained, if  looked  for  in  the  ordinary  run  of  busi- 
ness, will  be  disappointment  in  the  results  of  the 
wholesale  order.  2d.  Men  working  as  firemen 
twelve  or  fourteen  hours  per  day  in  the  hot  fur- 
nace rooms,  cannot  be  expected,  with  the  ordi- 
nary appliances,  to  watch  where  every  lump  of 
coal  falls  when  feeding  the  furnaces,  nor  to  clean 
the  grates  any  oftener  than  they  are  compelled 
to  do.  3d.  Moreover,  too  many  employers  favor 
the  low  wages  plan,  and  for  an  apparent  saving 
of  a  few  dollars  per  month,  waste  many  times 
the  amount  in  their  furnace  doors,  and  render 
their  establishments  most  disagreeable  to  the 
neighbors  by  a  free  distribution  of  unconsumed 
carbon,  or  what  is  commonly  called  soot^  and  of 
which  most  people  have  no  appreciation.  4th. 
Little  or  no  encouragement  is  given  for  caieful 
or  economical  firing,  as  a  rule.  The  fireman  who 
oftentimes  wastes  as  much  as  his  entire  wages, 
secures  the  same  pay  as  the  man  working  along- 
side of  him  who  saves  it  all.  It  may  be  remarked 
that  this  is  **not  business,"  but  many  are  the 
concerns  who  run  their  steam  plants  upon  this 
system.  Careful  handling  of  coal  in  firing  pays 
better  than  any  other  thing  about  a  steam  plant, 
and  it  is  the  wisest  economy  to  secure  good  and 
careful  men  to  do  it. 
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As  is  well  understood,  the  conditions  or  cir- 
cumstances attending  the  combustion  of  coal  for 
steam  purposes,  embrace  a  wide  range.  A  very 
few  establishments  work  under  conditions  that 
admit  of  a  high  attainment  of  economy  by  hav- 
ing a  fixed  performance  of  duty,  and  their  plants 
well  proportioned  to  the  regular  work;  but  by 
far  the  largest  number  have  a  fluctuating  de- 
mand for  steam,  and  in  that  respect  are  largely 
at  a  disadvantage.  Many  furnaces  are  badly 
constructed,  others  suffer  from  an  insufficiency 
of  draft,  and  in  many  cases  there  seems  to  be  na 
end  of  complications  detrimental  to  best  results. 

These  practical  difficulties  and  uncertanties, 
which  are  well  known  to  every  experienced  en- 
gineer, render  any  investigation  worthy  of  the 
name  slow  and  laborious.  It  has  taken  consid- 
erable time  and  research  to  arrive  at  the  conclu- 
sion, though  differing  from  the  preponderance 
of  hearsay  or  guess-work  evidence,  that  now  at 
least  **  the  highest  priced  coal  is  not  the  cheapest 
/or  steam  productions^  ^  and  that  in  fact  there- 
verse  is  undoubtedly  true,  especially  in  the  West- 
^rn  country.  Late  improvements  in  the  con- 
struction of  grate-bars  have  undoubtedly  added 
largely  to  the  value  of  Western  soft  coals.  The 
great  difficulty  in  former  times  of  ridding  the 
furnaces  of  the  incombustible  part  of  these  very 
valuable  coals  has  now  been  removed  by  im- 
provements, and  there  .is  no  doubt  but  that  a 
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large  number  of  extensive  establishments  in  the 
west  are  now,  and  for  some  time  past  have  been, 
obtaining  the  same  duty  from  the  Illinois  bitum- 
inous coals  that  they  in  former  years  obtained 
from  the  high-priced  Eastern  coals. 

AMERICAN  COAI3. 


• 

Theoretical  1 

* 

t 

0 

Theoretical 

Value. 

Coal. 

Value. 

COAU 

■*>• 

•0  h 

<M 

•9 

"Oh 

1 

Hea 
nits. 

a 

Hea 
nits. 

Kind  of 

I 

Kind  of 

SUte.           Coal. 

r^ 

S®      jState.          Coal. 

5.20 

^^ 

;?enn  .  Anthracite 

3-49 

14,199    14.70  lilll .  .  Bureau  Co. 

13,025 

I3.4B 

• 

6.13  i3.S35|  1401  1   "   .   ■  Mercer  Co. 

5-6o 

13,123 

13.58 

i<              i< 

•        • 

2.90  14,221 1  14.72     "...  Montauk 

5.50 

I3!588 

13-10 

"      ...  Cannei 

15.02  13,1431  1360 

Ind ....  Block 

2.50 

14.38 

"   Connellsvillei  6.50  13,368 

13-84 

"...  Caking 
"...  Cannei 

5.66 

14,146 

14.64 
13-56 

"    Scmi-bi'nous;  10.77  13,155 

13.62 

6.00113,097 

•'      Stone's  Gas 

5.00  14,021 

14-51 

Md.  Cumberland;  13.98112,226 

12.65 

•  •  Yoiighiogheny 

5.60' 14.265 

14.76 

lArk  .  .  .  Lignite 

5.00 

9,215 

9-54 

"      ...  Brown    9.50;  12,324 

12.75 

Col..   .   . 

925' 13.562 

14.04 

Kentucky.Caking   2.75  14,391 

14.89 

ii                                         II 
•      •      • 

4.50  13,866 

14.35 

••         .  Cannei    2.00  15,198  '  16.76  i 

Texas  .  .         " 

4.5012,962 

13.41 

41                                  l< 

• 

14.80  13,360 

13.84 

Wash.  Ter.    " 

3.4011,551 

11.96 

.  I^igrnite 

7.00   9,326 

9-65 

Penn.  Petroleum 

20,746 

21.47 

** Slack,''  or  the  screenings  from  coal,  when 
properly  mixed — anthracite  and  bituminous — 
and  burned  by  means  of  a  blower  on  a  grate 
adapted  to  it,  is  nearly  equal  in  value  of  com- 
bustible to  coal,  but  its  percentage  of  refuse  is 
greater. 

TEMPERATURE  OF  FIRE. 

Bv  reference  to  the  table  of  fuels,  it  will  be 
seen  that  the  temperature  of  the  fire  is  nearly  the 
same  for  all  kinds  of  combustibles,  under  similar 
conditions.     If  the  temperature  is  known,  the 
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conditions  of  combustion  may  be  inferred.  The 
following  table,  from  M.  Pouillet,  will  enable 
the  temperature  to  be  judged  by  the  appearance 
of  the  fire: 


Appearance. 

Temp.  Fah. 

Appearance. 

Temp.  Fab. 

Red,  just  visible   .  .  • 

••    dull 

"    Cherry, dull.  .  . 

"      full  .  .  . 

"      clear  .  . 

9770 
1390 

1470 
1650 
1830 

Orange,  deep 

"       clear 

White  heat 

"      bright 

*'     dazzling  .... 

aoioP 
3190 

2370      • 
2550 
a730 

To  determine  temperature  by  fusion  of  metals, 
etc. 


Substance. 

Temp. 
Fah. 

MeUl. 

Temp. 
Fah. 

Metal. 

Temp. 
Fah. 

Tallow  .  .  . 
Spermaceti . 
Wax.  white  . 
Sulpnur  . .  . 
Tin 

92° 
120 
154 
239 
455 

Bismuth    .  . 
Lead  .... 

Zinc 

Antimony .  . 
Brass  .... 

518° 
630 

810 
1650 

Silver,  pure  .... 

Gold  Coin 

Iron  Cast,  raedm  . 

Steel  .   

Wrought  Iron  .  .  . 

iByP 
2x56 

20X0 

2550 
3910 

MACHINE   DESIGNING. 

Machine  designing  naturally  divides  itself  into 
sections,  and  these  we  propose  to  consider  sepa- 
rately. 

Principle, — This  is  the  first  point  to  be  ob- 
served— the  designer  must  not  design  a  machine 
or  piece  of  work  that  is  absurd  in  principle.  No 
degree  of  painstaking  will  overcoq  ^  ^-^ntal 
defect  We  may  define  principle  W 
that  none  of  Nature's  laws  are  \ 

matter  how  well  the  design  or  drav 

/ 
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if  it  is  wrong  in  principle  it  is  useless.  For  in- 
stance, no  drawing  of  a  machine,  or  combination 
of  mechanism,  for  producing  perpetual  motion 
would  be  of  any  use.  We  once  knew  a  water- 
wheel  designed  to  work  a  pump,  and  the  pump 
to  work  the  water-wheel ;  the  water-wheel  had  a 
crank  on  the  shaft,  the  crank  was  to  work  the 
plunger-rod,  and  the  pump  was  to  pump  water 
into  a  trough  above  the  wheel,  this  trough  con- 
veying the  water  to  the  buckets  of  the  water- 
wheel,  and  thence  the  whole  cycle  was  to  begin 
again.  The  drawing  looked  very  well  on  paper, 
and  was  correct  so  far  as  the  various  parts  were 
concerned,  but  the  principle  being  wrong,  no 
amount  of  designing  and  drawing  could  over- 
come tlie  defect.  The  error  was  pointed  out  to 
the  designer,  but  he  would  not  be  convinced;  he 
constructed  a  model,  spent  some  money  in  ex- 
periinenting,  but  all  to  no  effect.  The  result 
was  that  he  became  a  sadder  but  a  wiser  man, 
for  he  had  discovered  that  perpetual  motion  was 
a  breach  of  one  of  Nature's  laws.  Another  im- 
portant point  bearing  upon  the  principle  of 
designing  machinery  is  that  the  action  should 
be  continuous,  if  it  does  not  perform  the  opera- 
tion at  once.  In  a  steam  riveter  the  stroke  of 
the  ram  makes  the  rivet  head  at  one  operation; 
a  steam  hammer  does  not  accomplish  its  work  at 
one  blow,  but  the  effort  is  continuous;  it  repeats 
the  blow  until  the  work  is  accomplished;  there 
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IS  110  undoing  of  work.  We  knew  an  instance 
in  which  a  machine  was  designed  for  bending 
bars,  the  preliminary  part  being  to  straighten 
them  before  the  curve  was  put  in ;  when  the  bar 
came  out  of  the  machine  it  was  curved,  but  if 
not  to  the  required  curve,  the  operation  could 
not  be  repeated  without  first  straightening  the 
bar  again,  before  any  additional  curving  could 
be  put  in.  This  was  a  case  in  which  the  action 
was  not  continuous;  the  first  part  of  the  machine 
undid  what  had  been  done  by  the  latter  part 
Hence  the  machine,  when  made,  turned  out  a 
complete  failure,  for  want  of  being  designed  in 
accordance  with  correct  principle. 

Position. — As  soon  as  we  are  satisfied  that  the 
principle  is  correct,  the  important  point  of  posi- 
tion comes  to  the  front.  To  some  extent  it  may 
be  included  in  principle,  which  we  have  defined 
to  be  **  taking  care  that  no  natural  law  is  vio- 
lated," for  the  foundation  of  position  is  due  to 
the  natural  law  or  axiom  tliat.no  two  things  can 
be  in  the  same  place  at  the  same  time.  This  is 
more  important  to  bear  in  mind  when  designing 
moving  machinery.  A  drawing  only  shows  one 
position  of  a  moving  part;  hence,  unless  there  is 
great  care  on  the  pnrt  of  the  draughtsman  in  fol- 
lowing out  the  motion  of  each  part  to  its  full 
extent,  he  is  liable  to  have  some  parts  foul  one 
another  when  they  have  moved  into  a  new  posi- 
tion not  shown  on  the  drawing.    To  some  extent 
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this  may  be  avoided  by  making  diagrams  show* 
ing  successive  phases  of  the  moving  parts,  but 
this  involves  a  great  deal  of  work,  and  is  often 
neglected.  It  is  desirable,  when  possible,  to 
show  the  parts  in  the  worst  possible  position  in 
relation  to  each  other.  Very  frequently  the  ex- 
treme phase  of  one  part  does  not  coincide  with 
the  extreme  phase  of  another,  as  in  the  steam 
engine  the  valve  is  not  at  full  stroke  at  the  same 
time  as  the  piston.  To  get  over  this  difficulty, 
it  is  very  customary  to  make  a  working  drawing 
disjointed — that  is  to  say,  the  various  parts  are 
drawn  as  if  they  were  all  in  their  worst  position 
at  once,  it  being  understood  that  this  is  only  a 
convention,  in  order  that  the  various  parts  may 
be  in  their  proper  position  in  all  phases  of  the 
machine,  for  if  everything  clears  in  its  worst 
positions  it  naturally  clears  in  every  other  posi- 
tion. In  spite  of  all  drawings,  however,  errors 
will  arise,  and  the  constant  care  of  the  draughts- 
man should  always  be  directed  to  the  point 
technically  called  clearance. 

It  should  also  be  borne  in  mind  that  not  only 
have  the  parts  to  work  when  they  are  together, 
but  that  they  have  to  be  put  together;  there 
should  be  no  collars,  for  instance,  on  a  shaft  to 
prevent  a  wheel  being  slipped  endways.  Putting 
work  together  is  naturally  an  extension  of  posi- 
tion in  relation  to  moving  parts,  for  the  parts  are 
moved,  although  but  seldom,   viz.,   when  the 
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machine  is  put  together  or  pulled  to  pieces. 
Whilst  considering  this  point  it  is  well  to  men- 
tion bolts  and  nuts;  the  designer  should  take 
care  that  they  are  arranged  where  they  can  be 
put  in,  and  where  the  nuts  can  be  put  on  and 
taken  off.  This  is  a  small  point,  but  is  one  fre^ 
quently  overlooked  by  draughtsmen,  who  often 
show  work  as  if  the  bolts  and  other  minor  parts 
had  grown,  it  being  impossible  to  get  the  work 
together  as  shown  on  their  drawing. 

Strength.  —  After  principle  and  position, 
strength  may  be  considered  the  next  factor. 
This  is  a  matter  primarily  of  calculation,  and 
secondly  of  precedent,  it  being  well  known  that 
if  a  part  of  a  machine  was  strong  enough  in  some 
other  machine,  or  under  similar  circumstances^ 
it  is  strong  enough  for  the  case  under  considera- 
tion. The  strength  of  materials,  and  parts  of 
machines,  would  require  a  volume  to  itself,  and 
it  is  not  our  intention  to  dwell  upon  it.  It  is 
important  that  the  designer  should  be  a  good 
calculator,  well  up  in  theory,  and  also  that  he 
should  have  had  a  good  deal  of  practice,  or,  in 
other  words,  a  good  store  of  precedents,  which  is 
only  theory  embodied  in  practice.  Particular 
care  should  be  taken  that  no  sudden  changes 
occur  in  the  dimensions  of  bars,  axles,  and  other 
parts,  and  also  that  there  should  be  no  internal 
sharp  corners  to  any  of  the  castings.  These  are 
great  pitfalls  to  the  unwary,  and  care  should  be 
taken  in  avoiding  them. 
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Proportions, — The  vital  points  of  principle, 
position  and  strength  being  supposed  to  be  set- 
tled, there  remain  what  may  be  considered  the 
luxnrions  points  of  pleasing  proportions  and  of 
ornamentation.  Elegance  of  proportion  is  more 
a  matter  of  fancy  than  anything  else,  and  can 
only  be  acquired  by  practice.  There  are  gener- 
ally various  ways  of  drawing  and  arranging  the 
parts  of  a  machine  without  violating  any  of  the 
vital  points  we  have  already  dwelt  upon.  The 
draughtsman  will  do  well  to  think  to  himself  as 
he  goes  along:  Does  this  look  well?  Will  it 
look  better  in  any  other  way? 

Ornameniaiioft  in  machinery  is  generally  the 
addition  of  a  few  mouldings,  scrolls,  and  such 
like,  which,  as  in  proportion,  is  a  matter  of  taste 
or  feeling.  Care  should  be  taken  to  avoid  con- 
tradiction in  ornament;  there  should  be  a  simi- 
larity of  style  about  the  mouldings,  the  scrolls, 
and  the  shapes  of  the  subordinate  parts  of  the 
machinery. 

It  must  be  understood  that  all  the  points  into 
which  this  article  is  divided  must  be  considered 
by  the  designer  simultaneously;  they  cannot  be 
separated  when  designing,  as  we  have  done  here 
for  the  convenience  of  treatment,  and  in  relation 
to  the  importance  of  the  divisions. 

'^      /  FOAMING  IN  BOItERS. 

The  causes  are  dirty  water;  trying  to  evapor- 
ate more  water  than  the  size  and  construction  of 
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the  boiler  is  intended  for;  taking  the  steam  too 
low  down;  insufficient  steam  room;  imperfect 
construction  of  boiler,  and  too  small  a  steam 
pipe. 

Take  a  kettle  of  dirty  water  and  place  it  on  a 
fire  and  allow  it  to  boil  and  watch  it  foam,  and 
it  will  be  the  same  in  a  boiler. 

Too  little  attention  is  paid  to  boilers  with  re- 
gard to  their  evaporating  power.  Where  the 
boiler  is  large  enough  for  the  water  to  circulate, 
and  there  is  surface  enough  to  give  oflF  the  steam, 
foaming  never  occurs.  As  the  particles  of  steam 
have  to  escape  to  the  surface  Oi  the  water  in  the 
boiler,  unless  that  is  in  proportion  to  the  amount 
of  steam  to  be  generated,  it  will  be  delivered 
with  such  violence  that  the  water  will  be  mixed 
with  it  and  cause  what  is  called  foaming. 

A  high  pressure  insures  tranquillity  at  the  sur- 
face, and  the  steam  itself  being  more  dense  it 
comes  away  in  a  more  compact  form,  and  the 
ebullition  at  the  surface  is  no  greater  than  at  a 
lower  pressure.  When  a  boiler  foams  we  close  the 
throttle  to  check  the  flow,  and  that  keeps  up  the 
pressure  and  lessens  the  sudden  delivery. 

Too  many  flues  in  a  boiler  obstruct  the  pass- 
age of  the  steam  from  the  lower  part  of  the 
boiler  on  its  was  to  the  surface;  this  is  a  fault  in 
construction,  but  nearly  all  foaming  arises  from 
dirty  water,  or  from  trying  to  evaporate  too  much 
water  without  heating  surface  or  steam  roojji 
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enough.  Usually,  when  first  put  in,  a  boiler 
and  engine  are  large  enough;  but  as  business  in- 
creases more  machinery  is  added,  imtil  the  power 
required  is  greater  than  can  be  furnished  by  the 
engine,  more  pressure  has  to  be  carried  and  the 
number  of  revolutions  increased,  consequently 
the  evaporating  power  of  the  boiler  is  forced  be- 
yond its  ability,  the  steam  being  drawn  off  so 
rapidly  that  a  large  portion  of  water  is  drawn 
with  it — so  much  that  it  would  astonish  any 
engineer  if  he  had  a  testing  apparatus  attached 
to  the  steam  pipe. 

For  the  remedy  of  foul  water  there  are  numer- 
ous contrivances  to  prevent  it  from  entering  the 
boiler,  which  is  a  far  better  way  than  trying  to 
extract  the  sediment  after  it  is  there — though 
there  are  many  ingenious  methods  for  doing  that 
also.  Faulty  construction,  or  lack  of  capacity, 
the  engineer  cannot  help,  but  he  soon  learns 
how  to  run  the  boiler  to  get  the  best  possible  re- 
sults from  it. 

Every  intelligent  engineer  has  observed  that 
his  engine  has  an  individuality  not  possessed  by 
any  other  he  ever  ran,  and  nothing  but  personal 
acquaintance  can  get  the  best  work  out  of  it;  so 
it  is  with  the  boiler. 

The  steam  pipe  may  be  carried  through  the 
flange  six  inches  into  the  dome,  which  would 
prevent  the  water  from  entering  the  pipes  by 
following  the  sides  of  the  dome  as  it  does. 
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For  violent  ebullition  a  plate  hung  over  the 
hole  where  the  steam  enters  the  dome  from  the 
boiler  is  a  good  thing,  and  prevents  a  rush  of 
water  by  breaking  it  when  the  throttle  is  opened 
suddenly. 

Clean  water,  plenty  of  surface,  plenty  of  steam 
room,  large  steam  pipes,  boilers  large  enough  to 
generate  steam  without  forcing  the  fires,  are  all 
that  is  required  to  prevent  foaming.  A  surface 
blow-off  is  a  grand  thing,  and  helps  a  foaming 
boiler,  and  would  be  a  good  thing  on  every 
boiler,  as  you  can  then  skim  it  as  you  would 
an  open  kettle. 

STEAM  GAUGES. 

Steam-gauges  indicate  the  pressure  of  steam 
above  the  atmosphere,  the  total  pressure  being 
measured  from  a  perfect  vacuum,  which  will  add 
14  7-10  lbs.  on  the  average  to  the  pressure  shown 
on  the  steam-gauge. 

BLOWING  OFF  UNDER  PRESSURE. 

A  boiler  can  be  seriously  impaired  by  blowing 
it  down  under  a  high  pressure,  and  with  hot 
brick-work.  The  heat  from  the  latter  will 
granulate  the  iron  and  reduce  its  tensile  strength. 
A  boiler  should  not  be  blown  right  down  under 
a  higher  pressure  than  twenty  pounds  and  not 
less  than  four  hours  after  the  fire  has  been 
drawn* 

When  a  boiler  is  exposed  to  cold  air,  especially 
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in  the  winter,  it  is  advisable  that  the  damper  be 
closed  and  the  doors  thrown  open,  or  vice-versa. 
If  both  are  left  open  the  strong  draught  of  cold 
air  will  cool  off  the  flues  faster  than  the  shell ; 
which  abuse  if  kept  up  would  reduce  the  length 
of  the  life  of  the  boiler. 

POLISHING  AND  FINISHING  METALS. 

Take,  for  instance,  a  surface  of  steel  as  an  ex-. 
ample — the  square  stem  of  a  drilling  instrument 
will    form  a    very    good    subject.     After  it   is 
roughed  out,  and  the  work  all  done,  it  must  be 
draw-filed,  and  this  must  be  done  with  a  super- 
fine American  file,  and  the  lines  must  be  kept 
quite  straight,  otherwise  it  will  require  so  much 
emery-paper  that  the  edges  will  lose  the  sharp 
angles  which  are  the  beauty  of  the  work.     Any 
ordinary  workman  can  rub  away  with  emery* 
paper,  but  in  so  doing  he  may  spoil  the  appear- 
ance of  a  piece  of  good  work,  and  that  without 
knowing  it.     To  avoid  this,  the  smoother  and 
better  it  is  filed  the  less  paper  will  it  require. 
To  get  the  beautiful  finish  we  see  on  the  best 
work,  a  piece  of  flour  emery-paper,  well  worn, 
and  a  little  oil  upon  it,  will  be  found  the  best 
thing   to   use,    and   when   this   has    been    well 
worked,  to  get  the  high  polish,  a  piece  of  wood 
flat  upon  the  surface,  with  some  fine  crocus,  will 
bring  it  up  to  this  state;  and  if  any  deep  scratches 
be  th^re,  you  will  at  once  observe  them;  to  remove 
them,  in  all  probability,  it  will  have  to  be  filed  ovei 
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again.  Now,  to  avoid  all  this  loss  of  time,  great 
care  must  be  taken  that  the  scratches  are  re- 
moved before  any  attempt  is  made  to  polish. 
Having  finished  the  work  so  far,  many  prefer  to 
see  it  left  straight;  others,  again,  like  to  see  it  in 
some  way  ornamented.  Now,  there  are  several 
ways  of  doing  this.  First,  then,  to  cross  the  sur- 
face. This  is  done  by  folding  a  piece  of  emery- 
paper  tightly  round  a  file,  but  the  process  is  not 
the  merely  pushing  it  across  the  work  and  mak- 
ing a  mark,  but  it  requires  some  practice  to  pro- 
duce a  good  pattern,  and  the  wrist  must  take  a 
kind  of  circular  action,  and  by  doing  this  each 
line  becomes,  so  to  speak,  connected,  and  makes 
a  much  better  finish  than  a  series  of  lines  only. 
Another  process  of  finishing  steel  is  to  curl  all 
over  the  surface  with  a  piece  of  oil-stone  that 
will  cut.  This  is  a  most  difiicult  thing  to  ob- 
tain, as  very  few  stones  will  cut  steel  to  leave  the 
bright  marks  necessary  to  give  it  the  appearance 
desired.  When  a  piece  of  this  is  once  obtained 
it  is  really  a  prize,  and  if  it  wears  away  it  may 
be  inserted  as  far  as  possible  into  a  wooden  han- 
dle. To  use  the  stone  when  it  is  once  obtained 
is  the  next  thing.  This  is  done  by  holding  it 
firmly  in  the  hand  and  moving  it  about  in  all 
directions,  like  curling  brass.  There  is  no  stated 
number  or  size  of  the  curl,  but  this  is  quite  a 
matter  o^  taste,  and  must  be  left  to  the  operator. 
Another  way  of  finishing  iron  and  steel  is  with 
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the  scraper,  which  is  used  with  both  hands,  and 
the  work  must  be  scraped  in  various  directions, 
but  with  regularity.  Large  surfaces  are  some- 
times done  in  this  way.  Lathe  beds  are  at  times 
done  so,  but  we  think  this  is  somewhat  out  of 
character,  as  the  fact  of  continually  drawing  the 
poppet  head  up  and  down  the  bed  produces  a 
series  of  lines  which  look  most  unsightly.  Re- 
garding all  this,  it  is  all  a  matter  of  taste,  and  the 
style  of  finish  must  be  left  to  the  operator. 

WORKING  STEEL  FOR  TOOLS. 

In  working  steel  for  tools,  great  care  should  be 
taken  to  hammer  all  sides  alike,  for  if  one  side 
is  hammered  more  than  another  it  will  cause  it 
to  spring  in  hardening.  Again,  steel,  when  be- 
ing hammered,  should  be  heated  as  hot  as  it  will 
stand,  until  finishing,  and  should  then  be  ham- 
mered until  almost  black  hot,  for  the  reason  that 
it  sets  the  grain  finer,  and  gives  the  tool  a  better 
edge.  The  reason  for  heating  the  steel  so  hot 
while  hammering  is  simply  because  it  makes  the 
steel  tougher  when  hardened,  and  softer  when 
annealed,  while,  if  it  were  worked  at  a  low  red 
heat,  the  continued  percussive  shocks  of  the 
hammer  would  so  harden  it  as  to  make  it  almost 
impossible  to  anneal  it,  and  at  the  same  time 
render  it  brittle  when  hardened. 

TO  HARDEN  AND  TEMPER  CAST  STEEL. 

For  saws  and  springs  in  general  the  follow- 
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ing  IS  an  excellent  liquid:  Spermaceti  oil,  20 
gals.;  beef  suet  rendered^  20  lbs.;  neat's-foot 
oil,  I  gal. ;  pitch,  i  lb. ;  black  resin,  3  lbs.  The 
last  two  articles  must  be  previously  melted  to- 
gether, and  then  added  to  the  other  ingredients, 
when  the  whole  must  be  heated  in  a  proper  iron 
vessel,  with  a  clope  cover  fitted  to  it,  until  all 
moisture  is  evaporated;  the  composition  will 
take  fire  on  a  flaming  body  being  presented 
to  its  surface. 

TEMPERING  POINTS  OF  TOOI^S. 

After  being  tempered  the  volume  of  the  tool  is 
slightly  increased,  and  consequently  its  specific 
gravity  is  decreased.  As  the  expansion  or  in- 
crease of  volume  is  so  very  slight,  it  is  quite  im- 
material which  is  plunged  into  the  liquid  first; 
however,  every  moment  the  edge  is  kept  out  it 
is  cooling,  and  the  tempering  may  be  rendered 
defective  thereby.  Mercury  tempers  the  hardest, 
then  water,  then  salt  and  water,  then  oil  of  vari- 
ous kinds — ^as  whale  oil.  As  oil  cools  the  metal 
more  slowly,  it  is  not  tempered  so  h^rd,  but  the 
tenacity  is  increased. 

RULE  FOR  CALCULATING  SPEED  OF  PULLEYS. 

Example  i.  To  find  the  size  of  driving-pulley, 
multiply  the  diameter  of  the  driven  by  the  num- 
ber of  revolutions  it  should  make,  and  divide  the 
product  by  the  revolutions  of  the  driver;  the 
quotient  will  be  the  size  of  the  driver. 

34 
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Example  2.  Diameter  and  revolutions  of 
driver  being  given,  to  find  the  diameter  of  the 
driven  that  shall  make  a  given  number  of  revo- 
lutions, multiply  the  diameter  of  the  driver  b)j 
the  number  of  revolutions,  and  divide  the  pro- 
duct by  the  number  of  revolutions  of  the  driven; 
tlie  quotient  will  be  the  size  of  the  driven. 

Example  3.  To  find  number  of  revolutions  of 
the  driven  pulley,  multiply  the  diameter  of  the 
driver  by  its  number  of  revolutions,  and  divide 
by  the  diameter  of  the  driven.  The  quotient 
will  be  the  number  of  revolutions  of  the  driven. 

The  following  examples  will  assist  in  deter- 
mining diameters  and  speeds  of  pulleys: 

A  30-inch  pulley  making  180  revolutions  per 
minute,  drives  a  counter-shaft  with  a  12-inch 
pulley.  What  is  the  speed  of  the  latter?  Ans. 
180  X  30  -«-  12  =  450  revolutions  per  minute. 

A  countershaft  is  to  make  450  revolutions  per 
minute,  driven  by  a  30-inch  pulley  making  180 
revolutions  per  minute.  What  will  be  the 
diameter  of  the  countershaft  pulley?  Ans.  180 
X  30  -f-  450  =  12  inches. 

What  will  be  the  diameter  of  a  pulley  making 
180  revolutions  per  mintue,  to  drive  a  12-inch 
pulley  450  revolutions  per  minute?  Ans.  450 
X  12  -i-  180  =30  inches. 

In  calculating  toothed  gears,  substitute  the 
numbers  of  teeth  for  the  diameters,  as  above. 
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TO  MEASURE  BELTING  IN  THE  ROLL. 

A  simple  method  of  measuring  belting  in  the 
roll,  and  which  is  said  to  be  very  closely  correct, 
is  as  follows:  The  sum  of  the  diameters  of  the 
roll  and  the  eye  in  inches,  multiplied  by  the 
number  of  turns  made  by  the  belt,  and  this  pro- 
duct multiplied  by  the  decimal  .1309,  will  be  the 
length  of  the  belt  in  feet. 

DIRECTIONS  FOR    BRAZING    BAND    SAW   BLADES. 

File  the  two  ends  of  the  blade  to  a  featheredge, 
so  that  they  will  lap  from  one-half  inch  to  one 
inch,  according  to  the  width  of  the  blade.  The 
ends  should  then  be  cleaned  with  prepared  sol- 
dering fiuidi  Then  clamp  the  two  ends  in  a 
brazing  frame,  and  see  that  they  are  lapped  so 
that  the  teeth  will  match,  taking  great  care  not 
to  handle  the  filed  portion  of  the  lap,  and  see 
that  no  grease  or  dirt  gets  into  the  joint.  Put  a 
small  piece  of  silver  solder,  rolled  thin,  in  the 
joint,  and  clamp  the  joint  with  a  pair  of  brazing 
tongs  heated  to  a  cherry  red,  or  a  little  hotter  fox 
wide  saws.  Keep  the  tongs  clamped  firmly  on 
the  joint  until  nearly  black.  Do  not  put  any 
water  on  the  braze  or  it  will  make  it  brittle  and 
liable  to  break  easily.  When  the  braze  is  per- 
fectly cool,  file  it  to  an  even  thickness  with  the 
rest  of  the  blade  and  file  the  teeth. 

In  hanging  up  band  saws  be  careful  to  hang 
them  .so  that  a  short  bend  will  not  come  at  the 
joint. 


[ 


400  STEAM   ENGINEERING. 

DIRECTIONS    FOR    PUTTING    RUBBERS    ON    BAND 

SAW  WHEELS. 

First  thoroughly  clean  the  wheel,  so  that  the 
face  is  perfectly  free  from  dirt  and  grease.  A 
particle  of  grease  will  spoil  the  job.  When  the 
wheel  is  perfectly  clean  and  dry,  apply  with  a 
brush  a  coating  of  special  cement  The  in- 
side of  the  rubber  band  should  then  receive  a 
coat  of  cement  also.  When  this  is  done  place 
the  wheel  in  a  horizontal  position  and  then  have 
three  or  four  men,  whose  hands  must  be  free  from 
dirt  and  grease,  stretch  the  rubber  evenly  on  the 
wheel.  The  wheel  should  be  then  put  in  a 
warm  dry  place  for  five  or  six  hours.  If  con- 
venient it  can  be  put  in  a  steam  box  where  it 
will  get  dry  heat  over  200  degrees.  Never  roll 
the  wheel  on  the  floor  and  do  not  lift  up  the  edge 
of  the  band  to  see  if  it  sticks  tight,  as  this  will 
invariably  leave  a  place  where  the  air  can  get  in, 
and  as  soon  as  the  wheel  is  in  motion  it  will 
cause  the  band  to  loosen.  After  the  wheel  is 
put  on  the  machine,  see  if  it  runs  perfectly  true, 
and  if  there  are  any  high  places  in  the  band  re- 
duce them  with  a  piece  of  sand  or  emery  paper. 
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TRANSMITTINC  Kl^MCIBNCY  01*  TtmNKD  IRON  SHAFTING  AT 

DIFFERENT  SPEEDS. 

As  Prime  Mover  or  Head  Shaft  carrying  Main  Driving 
Pulley  or  Gear,  well  supported  by  hearings. 


m.  of 

aft 

Number  of  Revolutions  per  Minute. 

Cd  3 

6o 

H.P. 

80 

H.P. 

lOO 
HP. 

125 

H.P. 

150 

H.P. 

175 
H.P. 

200 

H.P. 

225 

H.P. 

250 

H.P. 

275 
H.P. 

300 

Inches. 

H.P. 

^}i 

2.6 

3-4  4-3 

5.4 

6.4 

7.5 

8.6 

9.7 

10.7 

II.8 

12.9 

2 

3-8 

51 

6.4 

8 

9.6 

II. 2 

12.8 

14.4 

16 

17.6 

19.2 

2% 

5-4 

7.3 

8.1 

10 

12 

14 

16 

18 

20 

22 

24 

2% 

7-5 

10 

12.5 

15 

18 

22 

25 

28 

31 

34 

37 

2% 

lO 

13 

16 

20 

24 

28 

32 

36 

40 

44 

48 

3 

13 

17 

20 

25 

30 

35 

40 

45 

50 

55 

60 

3% 

i6 

22 

27 

34 

40 

47 

54 

61 

67 

74 

81 

3% 

20 

27 

34 

42 

51 

59 

68 

76 

85 

93 

102 

3H 

25 

33 

42 

52 

63 

73 

84 

94 

105 

115 

126 

4 

30 

41 

51 

64 

76 

89 

T02 

115 

127 

140 

153 

4K 

43 

58 

72 

90 

108 

126 

144 

162 

180 

198 

216 

5 

60 

80 

100 

125 

150 

175 

200 

225 

250 

275 

300 

s'A 

80 

106  '133  '166  I199  '233  '266  I299  '333  '3^  '4^^ 

As  Second  Movers  or  Line  Shafting.   Bearings  8  feet  apart. 


tn.  of 

aft. 

Number  of  Revolutions  per  Minute. 

•2c/3 
Q 

100 

H.P. 

125 

H.P. 

150 

H.P. 

175 

H.P. 

200 

H.P. 

225 

H.P. 

250 

H.P. 

275 

H.P. 

300 

H.P. 

325 

H.P. 

350 

Inches. 

H.P. 

iK' 

6 

7-4 

8.9 

10.4 

II.9 

13-4 

14.9 

16.4 

17.9 

19.4 

20.9 

i^ 

7.3 

91 

10.9 

12.7 

14.5 

16.3 

18.2 

20 

21.8 

23.6 

25.4 

2 

8.9 

II. I 

13.3 

15-5 

17.7 

20 

22.2 

24.4 

26.6 

28.8 

31 

2y% 

10.6 

13.2 

15.9 

18.5 

21.2 

23.8 

26.5 

29.1 

3T.8 

34.4 

37 

2% 

12.6 

15.8 

19 

22 

25 

28 

31 

35 

38 

41 

44 

2H 

15 

18 

22 

26 

29 

33 

37 

41 

44 

48 

52 

2>^ 

17 

21 

26 

30 

34 

39 

43 

47 

52 

56 

60 

2H 

23 

29 

34 

40 

46 

52 

58 

64 

69 

75 

81 

3 

30 

37 

45 

52 

60 

67 

75 

82 

90 

97 

105 

3H 

38 

47 

57 

66 

76 

85 

95 

104 

114 

123 

133 

3)4 

47 

59 

71 

83 

95 

107 

119 

131 

143 

155 

167 

3% 

58 

73 

88 

102 

117 

132 

146 

162 

176 

190 

205 

4 

71 

89 

107 

125 

142 

160 

178 

196 

213 

231 

249 

4oa 


STEAM   ENGINEBRING. 


For  Simply  Transmitting  Power. 


Number  of  Revolutions  per  Minute. 

62 

«;9 

loo 

H.P. 

1 
125  150  1  175 

H.P.  H.P.  H.P. 

200  233 

H.P.  H.P. 

267 

H.P. 

300 

H.P. 

333 

H.P. 

367 
H.P. 

400 

Inches. 

H.P. 

1)4 

6.7 

8.4  10. 1  11.8 

13.5  15.7 

179 

20.3 

22.5 

24.8 

27 

i>< 

8.6 

10.7  12.8  15 

17.I 

20 

22.8 

25.8 

28.6 

31.5 

34.3 

•H 

10.7 

13.4  16   18.7 

21.5 

25 

28 

32 

36 

39 

43 

i;< 

13-2 

16.5  19.7 

23 

26.4 

31 

35 

39 

44 

48 

52 

3 

16 

20 

24 

28 

32 

37 

42 

48 

53 

58 

64 

2>f 

19 

24 

29 

33 

38 

44 

51 

57 

63 

70 

76 

2X 

22 

28 

34 

39 

45 

52 

60 

68 

75 

83 

90 

2^  . 

27 

33 

40 

47 

53 

62 

70 

79 

88 

96 

105 

2|4 

3 

39 

47 

54 

62 

73 

83 

93 

104 

114 

125 

2j<: 

41 

52 

62 

73 

83 

97 

III 

125 

^39 

153 

167 

3  , 

54 

67 

81 

94 

108  126  I144 

162 

180 

198 

216 

3V 

68 

86  J103  120 

137 

160 

182 

205 

228 

250 

273 

3>i 

85 

107  128  I150 

171 

200 

228 

257 

285 

313 

342 

WROUGHT  IRON  PIP». 


Size. 


I- 

I 

2 

2>^  ■ 

\W 

4      • 

^)i . 

5  • 

6  . 

7  • 

8  . 

9  • 
10 

12 


Weight,  lbs. 
per  foot. 

.24 
.42 
.56 

.85 
1. 12 
1.67 
2.25 


2.69 
3.66 

5.77 

7.54 

905 
10.72 

12.49 

14.56 

18.77 
23.41 
28.35 
34.07 
40.64 

54.65 
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TABLB  OF  HORSE  POWKR  WHICH  MAY  BB  TRAN^MITTBD  BY 
OPBN  SINGI«B  BELTS  TO  PULI^EYS  RUNNING  lOO  RBVOLV- 
TIONS  PER  MINUTE,  THE  DIAMETERS  OF  THE  DRIVING 
AND  DRIVBN  PULI^EYS  BEING  EQUAI*. 

The  Horse  Power  of  Double  Belts  is  10-7  of  that  given 

in  the  Table. 


meter 
lley. 

Width  of  Belt  in  Inches. 

2         2 

M 

3 

3/2 

4 

4}4 

5 

6 

In. 

H.  P.      H 

.  p. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

h:p. 

H.  P. 

6 

.44 

54 

.65 

.76 

.87 

.98 

1.09 

1-31 

6>^ 

.47 

59 

.71 

.83 

•95 

1.07 

1. 19 

1.42 

7 

•51 

.64 

.76 

.89 

I.OI 

1. 14 

1.27 

1-53 

7>^ 

.55 

68 

.82 

•95 

1.09 

1-23 

1.36 

1.64 

8 

.58 

-73 

.87 

1.02 

1. 16 

I-3I 

1.45 

^•z§ 

^H 

.62 

.77 

.93 

1.08 

1.24 

I  39 

1^55 

1.86 

9 

.65 

.82 

.98 

1.15 

I-3I 

1.48 

1.64 

1.97 

9}^ 

.69 

,86 

1.04 

1.21 

1-39 

1.56 

1.74 

2.08 

10 

•73 

•91 

1.09 

1.27 

1^45 

1.63 

1. 81 

2.18 

II 

.8        I 

1.2 

1.4 

1.6 

1.8 

2. 

2.4 

12 

.87      I 

.09 

I-3I 

1-53 

1.75 

1-97 

2.18 

2.62 

13 

.95      I 

.18 

1.42 

1.65 

1.89 

2.12 

2.36 

2.83 

14 

1.02      I 

.27 

1-52 

1.77 

2.02 

2.27 

2.53 

305 

15 

1.09      I 

.36 

1.64 

1.91 

2.19 

2.46 

2.73 

3.29 

r6 

1.16      I 

■45 

1.74 

2.03 

2.32 

2.61 

2.91 

3.48 

17 

1.24      I 

.55 

1.85 

2.16 

2.47 

2.78 

3.09 

3- 70 

18 

1.31      I 

.64 

1.96 

2.29 

2.62 

2.95 

3-27 

3-92 

^9 

1.39      I 

■73 

2.07 

2.42 

2.76 

3.11 

3.45 

4.14 

20 

1.45      I 

.82 

2.18 

2.55 

2.91 

3-27 

3.64 

4.36 

21 

1.52      I 

•91 

2.29 

2.67 

305 

3-44 

3.82 

4.58 

22 

1.66      2 

2.4 

2.8 

3.2 

3.6 

4. 

4.8 

23 

1.67      2 

.09 

2.51 

2.93 

3-35 

3.75 

4.18 

5-02 

40+ 


STEAM  ENGINEERING. 


u 

Width  of  Belt  in  Inches. 

mm        ' 

•^2 

o*^ 

4 

5 

6 

8 

10 

12 

14 

16 

In. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

*4 

3.5 

4-4 

5-2 

7. 

8.7 

10.5 

12.2 

14. 

25 

3.6 

4.5 

5-5 

7.3 

9.1 

10.9 

12.7 

14.5 

26 

3.8 

4.7 

5.7 

7.6 

9.5 

"3 

132 

15.I 

27 

3.9 

4.9 

5.9 

7.8 

9.8 

II. 8 

13.7 

15.6 

28 

4.1 

5.1 

6.1 

8.1 

10.2 

12.2 

14.3 

16.3 

29 

4.2 

5.3 

6.3 

8.4 

10.5 

12.6 

14.8 

16.9 

30 

4.4 

5.4 

6.6 

8.7 

10.9 

13.1 

15.3 

17^ 

31 

4.5 

5.6 

6.8 

9- 

"3 

13.5 

15.8 

18. 

33 

4.7 

5.8 

7. 

93 

11.6 

14. 

16.3 

18.6 

33 

4.8 

6. 

7.2 

9.6 

12. 

14.4 

16.8 

19.2 

34 

4.9 

6.2 

7.4 

9-9 

12.4 

14.8 

17.3 

19.8 

35 

5.1 

6.4 

7.6 

10.2 

12.7 

15.3 

17.9 

20.4 

36 

5.2 

6.5 

7.8 

10.5 

131 

15-7 

18.3 

20.9 

37 

5.4 

6.7 

8.1 

10.8 

135 

16.2 

18.9 

21.5 

38 

5.5 

6.9 

8.3 

II. 

13.8 

16.6 

193 

22.1 

39 

5.7 

7.1 

8.5 

II-3 

14.2 

17. 

19.9 

22.7 

40 

5.8 

7.3 

8.7 

11.6 

14.6 

17-5 

20.4 

23-3 

42 

6.1 

7.6 

9.2 

12.2 

15.3 

18.2 

21.4 

24.3 

44 

6.4 

8. 

9.6 

12.8 

16. 

19.2 

22.4 

25.6 

46 

6.7 

8.4 

10. 

134 

16.5 

20.1 

23.4 

26.8 

48 

7. 

8.8 

10.4 

14. 

17.4 

21. 

24.4 

28. 

50 

7.2 

9. 

10.9 

14.6 

18.2 

21.8 

25.4 

29. 

54 

7.8 

9.8 

11.8 

15.6 

19.6 

23.6 

26.4 

31.2 

60 

8.8 

10.8 

131 

174 

21.8 

26.2 

30.6 

34.3 
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Isr 

Width  of  Belt  in  Inches. 

s= 

'X   du 

0^ 

18 

20 

22 

24 

26 

28 

30 

32 

In. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

H.  P. 

24 

16 

17 

19 

21 

23 

24 

26 

28 

30 

19 

22 

24 

26 

28 

31 

33 

35 

36 

24 

26 

29 

31 

34 

37 

39 

42 

3H 

25 

28 

30 

33 

36 

39 

41 

44 

40 

26 

29 

32 

35 

38 

41 

44 

47 

42 

28 

31 

34 

36 

40 

43 

46 

49 

44 

29 

32 

35 

38 

42 

45 

48 

51 

48 

31 

35 

38 

42 

45 

49 

52 

56 

50 

33 

36 

40 

44 

47 

51 

54 

58 

54 

35 

39 

43 

47 

50 

53 

58 

62 

60 

39 

44 

48 

52 

57 

61 

65 

70 

66 

43 

48 

53 

58 

62 

67 

72 

77 

72 

47 

52 

58 

63 

68 

73 

78 

84 

78 

51 

57 

62 

68 

74 

80 

85 

91 

84 

55 

61 

67 

73 

79 

86 

91 

97 

96 

63 

70 

76 

84 

90 

98 

104 

112 

120 

78 

88 

96 

104 

114 

122 

130 

140 

144 

94 

104 

116 

126 

136 

146 

15^ 

168 

INDEX. 


I 

Affidavit  of  manufacturer  of 
mariue  steam  boilers, 
229. 

A^cultural  engines,  288-302. 

Amsworth's  plastic  pipe  cov- 
ering, 362,  363. 

Air,  water  balance  of,  65.^^ 
weight  of,  xliii,  xliv. 

American  coals,  theoretical 
value  of,  384. 

Anthracite  coal,  combustible 
efficiency  of,  88. 

Atoms,  xvvi. 

Average  breaking  and  crush- 
ing strains  of  iron  and 
«*eel,  379. 


/ 


tv*- 


U 


Babcock  &  Wilcox  water  tube 
sectional  boiler,  illus- 
trated and  described, 
224-226. 

Balanced  valves,  98. 

Ball  and  socket  bearing,  308, 

309- 
Band  saw  wheels,  directions 

for  putting  rubbers  on, 

400. 

Belting  in  the  roll,  to  meas- 
ure, 399.  ^  •     ' 

Blowing  off  under  pressure, 

393,  394. 
Blow-off  and  feed  pipes  and 

valves,  1 78-181. 

Boiler,  burning  of  fuel  in  the 

furnace  of  a,  59-67. 

economy,  86-95. 

^(x.-i'    ^     <:.    ..\'      ■    ^{.  '..  .-i,v  (-407) 


Boiler     economy,     practical 
measurement  of,  87,  88. 

economy,  scientific  meas 
urement  of,  86. 

expansion    of    parts    by 
neat,  71,  72. 

felting  or  covering,  345- 

363. 
fronts,     anchoring     the 

bolis  for  holding  the, 

175. 
fronts,    construction    of, 

179. 
hogging  of  a,  72. 
holes,  illustrated  and  *!•• 

scribed,  83,  84. 
inspectors,  duties  of,  227, 

228. 
iron,  standard  of  compar- 
ison between  diflerent 
brands,  77. 
plate,    legal     gauge    for 
•   thickness  of,  230. 

legal  test  of,  230,  231. 
stamping  of,  227. 
strength  of,  69,  70. 
table    of    width    o^ 
one-quarter  of  one 
square  inch  of,  230. 
tensile    strength   of, 
227,  228. 
pressure,  rule  for  ascer- 
taining, 232. 
proportion,  174-178. 
showing  the  best  results, 

93. 


K.    ^9 


4o8 


INDEX. 


Boiler  stays,  limit  of  strain  on, 

232,  233. 
shell,   pressure    on    the, 

illustrated      and      de- 

scril)ed,  76.  77. 

thickness  of,  209-211. 
strongest  form  of,  68. 
W.  H.  HofTnian's,  illus- 
trated   and   described, 

222-224. 
Boilers,  cjrlindrical,  68-71. 
experiments  on,  72. 
externally  heated,  U.  S. 

regulations  for,  242. 
foaming  in,  390  393. 
internally  heated,    U.  S. 

regulations  for,  242. 
position    of   cleaning 

doors,  177. 
settings  for,  174-178. 
steam,  forms  of,  68  85. 
steam   pressure    allowed 

on,  table  of,  250. 
strength  of,  76-85. 
thickness  of  end  plates 

of,  72,  73- 

vertical  tubular,  U.  S.  re- 
striction in  use  of,  242. 

with  internal  tubes,  70. 

yacht,  329. 
Bolts  for  boiler  fronts,  anchor- 
ing the,  175. 

in   the  foundation  hole, 
illustrated      aud      de- 
scribed, 189. 
Bradley's  insulated  air  cover- 

.  mg.  352. 
Brazing  band  saw  blades,  399. 
Briltleuess  of  matter,  xxxiv. 
Brown  engine,  operating  the 

exhaust  valves  of  a,  166. 
Burning  of  fuel  in  the  furnace 

of  a  boiler,  59-67. 
Button  set  riveting,  illustrated 

and  described,  301,  302. 

Calculation  of  work  done  in  a 


compound    engine,   il- 
lustrated and  described, 
104-106. 
Carbon   and  hydrogen,  heat 
given  out  in  burning, 
60. 
evaporating  power  of,  61. 
heating  power  of,  61. 
Carbonate  of  magnesia  cover- 

ingi  350,  351. 
Cast  steel,  to  harden  and  tem- 

Pei".  396,  397. 
Caulking,  201,  202. 

Chalmers-Spence  patent  cov- 
ering, 351,  352. 

Changes  in  steamboat  rules, 
253,  254.  ^ 

Chemical  combination,  59. 

Chemical  decomposition,  59. 

Chimney,  area  of  the,    com- 
pared with  that  of  the 
fire-grate,  65. 
formula    for    computing 

the  height  of,  66. 
rule  to  insure  the  best  pos- 
sible draught  in,  66. 
value  of  a,  in  promoting 
the  draught  of  fire,  64, 

65. 

Chimneys,  370-374. 

land,  rule  for  proportion- 
ing the  dimensions  of, 
65. 

Clyde  or  Scotch  boiler,  illus- 
trated   and    described, 

332,  333- 
Coal,  amount  of  air  required 
for  combustion  of,  62. 
anthracite,     combustible 


efficiency  of,  88.  .  5 


-  ^ 


eniciency  or,  00.  .  t>  \J 
heat  units  developed   03 

combustion  of,  51. 
horse  power  developed  by 

one  pound  of,  51,  52. 
steam,  381-384. 
composition  of,  60. 
Cohesion,  xxvi,  xxx,  xxxi,  xl. 


•feV 


\ 


a »    \  ti 


1 


eoilibustion,  59.  60 
chamber,  176. 

Compositions  in  common  use, 
proportions  of,  379,  380. 

Compound  condensing  en- 
gine, tandem,  illus- 
trated and    described, 

317-325. 
engine,  101-105.  -  ^'T' 

calculation   of  work 
done  in  an,   illus- 
t  r  a  t  e  d     and    de- 
scribed, 104-106. 
tandem  engines,  result  of 
a  four  days'  trial,  323. 
Compressibility    of    matter, 

xxxix. 
Compression,  advantages  of, 

158-160. 
Condensation    in   differently 
covered  pipes,  354,  355. 
of  matter,  xxxiii. 
Condensing  engines,  101-103. 

action  of,  375. 
Connecting  rod,  31 1.  sV/  - . 

boxes,     proper      adjust- 
ments of,  143. 
proper  weight  of,  143. 
Connery's  concave  system  of 

OQulking,  201,  202. 
Copper  and  tin,  combinations 

of,  xxxvii. 
Copper,     characteristics     of, 

xxxvi. 
Cork,  weight  of,  xlii. 
Corliss  engine,  exhaust  valves 
of  a,  165. 
adaptability  of,  314,  315. 
horse  power  of,  315,  316. 
improved  by  the   Watts 
Campbell  Co.,  303-325. 
selection  of,  315. 
Corliss  standard   for  engine 
cut-off  gear,  164,  165. 
valve  gear,  97,  98. 
valve  gear,  simplicity  of, 
313,  S14. 
35    . 
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INDEX. 

trL  Cw^  rfj  -V/  (,^  33if., 

Corliss   valve,  objections 

the.  155,  156. 
Corrugated  furnace  flues,  U. 
S.  regulations  for,  240- 
242. 
Crank  pins,    errors    in   con- 
struction of,  141,  142. 
Crank  shaft,  strength  of,  com- 
pared   with    the    line 
shaft,  161. 
to  calculate  the  diameter 
of  a,   160.  /no  , 
Cross  head,  311,  312. 

pin,  making  of  a,  141. 
securing  of  piston  rod  to, 
144-147. 
Cylinder,  admission  of  steam 
to,  96. 
emptying    steam    from, 

116,  117. 
exhausted  steam  in,  96. 
filling  of  a,  with  steam, 

116. 
its    jacket,    ports,    etc., 

151-153- 
to  find  the  mean  pressure 
on  a,  258-262. 

Cylinders  for  compound  en- 
gines, to  find  the  diam- 
eter of,  255-257.       <^  A  t '. 

Cylindrical  boilers,  68-71. 


Dash  pot,  illustrated  and  de- 
scribed, 305-308. 

Density,  xxxix. 

Diamonds,  hardness  of, 
xxxvii. 

Disengaging  valve  motions, 
and  their  adjustment, 
164-167. 

Divisions  of  degrees  of  heat, 

378. 

Double  slide  valve,  155. 

Drilling  machine,  Hoffman's, 
described,  205,  206. 

Driving  belts,  best  results  ob- 
tained from,  163.  f  y/ 
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Flue  boilers,  195,  196. 
Flues  and  tubes,  locating  of, 
196-200. 
corrugated  furnace,  U.  S. 
regulations    for,    240- 
242. 
lap  welded,  U.  S.  regula- 
tions for,  236-240. 
riveted,  U.  S.  rules   for, 

233-236. 
vs.  tubes,  194-196. 
Fluids,  porosity  of,  xxx. 
Foaming  in  boilers,  390-393. 
Forms  of  steam  boilers,  68^5. 
Foundation,  100,  loi. 
Fuel,    economical    improve 
ment  in  use  of,  52,  53. 
waste  of,  modes  of,  63,  64. 
Furnace  boiler,    burning  of 
fuel  in  a,  59-67. 
flues,  collapsing  of,  73. 
corrugated,  U.  S.  reg- 
ulations for,    240- 
242. 
tubes,  effect  of  heat  upon, 

71- 

Gas,    commo*n,     weight    o 
xliii.  Ct.-i  V    2-/5 
engine,     efficient    power 

of,  50,  51. 
Gauge  cock,  proper  mode  of 

constructing  a,  181-183. 
Gauge  cocks,  water   gauges. 

safety  valves,  and  stop 

valves,  181-187. 
Gauges,  steam,  393. 
General  properties  of  matter, 

xxvi,  xlvi. 
Girder  frame,  309,  310. 
Glass,      characteristics       of, 

xxxvi. 
Governors  and  their  speeds, 

167,  168.  , !  r  ' 

Grate  and  heating    surface, 
:  proportion       between, 

221.  >/- 


^ 


Gravity,  action  of,  xl-xlii. 
increased  action  of,  in  ap- 
proaching the  earth's 
centre,  xliv. 

Greene  automatic  cut-off  en- 
gine, illustrated  and 
described,  282-287. 

Hair  felt,  350. 

Hand  holes,  man  holes,  stays, 
side  seams,  caulking, 
etc.,  200-202. 

Harden  and  temper  cast 
steel,  396,  397. 

Hardness  of  substances,  tabl6 ;. 
of,  xlviii,  xlix. 

Heat,  absorption  of,  in  enter- 
ing a  body,  56,  57. 
causes  of  the  loss  of,  iu 

toilers,  90-95. 
consumption  of,  in  effect- 
ing mechanical  work, 

54- 
divisions  of  degrees    of, 

378. 
dynamical  theory  of,  53- 

58. 

effect  of,  71-76. 

engine,  function  of,  51. 

evolution  of,  proportion- 
ate to  the  mechanical 
force  expended,  53,  54. 

generated  by  percussion 
of  bodies,  56. 

given  out  in  the  burning 
of  hydrogen  and  car- 
bon, 60. 

influence  of,  on  matter, 
xxxii,  xxxiii. 

latent,  definition  of,  57. 

loss  of,  lessened  by  heat- 
ing the  feed  water,  66. 

mechanical  equivalent  of, 

54,  55.  ,     .       ^    , 

produced  by  falling  bod- 
ies, 56. 
utilization  of,  89,90. 
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Heating  and    grate  surface, 
proportion      between, 

221. 

power  of  a  substance,  60. 
steam,  380,  381. 
surface,  2x5-217. 

necessary    condition 
of  a,  to  be  effec- 
tive, 92. 
required     for     each 
horse  power,  67. 
Hofiinan*s  boiler,  illustrated 
and  described,  222-224. 
drilling     machine,     de- 
scribed, 205,  206. 
engine,    illustrated    and 
described,  185-187. 
Hogjging  of  a  boiler,  72. 
Horizontal    engines,     single 
and    double,   and    the 
transmission  of  power 
to  main  lines  and  coun- 
ter, 168-172. 
Horse  power  developed  by  one 
pound  of  coal,  51,  52. 
heating  surface  required 

for  each,  67. 
indicated  for  each  pound 
mean    effective     pres- 
sure, table  of,  261. 
table  of,  300. 
which     may    be    trans- 
mitted by  single  belts 
to  pulleys,  403-405. 
Hot     air     engine,     efficient 

power  of,  50,  51. 
Hydrogen   and  carbou,  heat 
given  out  in  bvu^ning, 
60. 
Hydrogen,  evaporating  power 
of,  61. 
heating  power  of,  6r. 
Hydrostatic       pressure       on 
boiler  testing,  232. 

Ice,  thermal  units  required  to 
melt,  57. 


Indigo,  solution  of,  xxviii. 
Inspectors,  boiler,  duties  of, 

227,  228. 
Intermediate   receiver,   illus- 
trated   and    described, 
109-111. 
Internal  tubes  in  boilers,  70. 
of  the  internal  fire 
flue  boiler,  investi- 
gation of  the,   73, 

74. 
Iron,  average  breaking  and 

crushing  grains  of,  379. 
comparative    weight    of, 

with    water   and    with 

mercury,  xliii. 
linear    expansion   of 

wrought,  by  heat,  71. 
pipe,    wrought,  table  of 

weight  of,  402. 
piston,    cast,   use  of,   in 

Kn  gland,  148. 
plates,  WTought,  drilling 

of,  206. 
shafting,        transmitting 

efficiency  of,  at  differ- 
ent  speeds,    table    of, 

401,  402. 
table  of  weight  of  round 

and  square,  344. 
tensile  strength  of  a  bar 

of,  77. 
to  ascertain  the  ductilitjr 
and  other  lawful  quali- 
ties of,  229. 

Joint,  strength  of  a,  through 
the  rivet  holes,  78. 

Joints  applicable  to  tubes,  il- 
lustrated    and      d  e - 
scribed,  74-76. 
riveted,    illustrated    and 
described,  78-85. 

Joule's  heat  equivalent,    54, 

55. 
Journal  slides,  loss  from  hot, 
140. 
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Krupp^s  steel  field  pieces, 
191,  192. 

Lap,  table  to  find  the  amount 
of,  necessary  on  the 
steam  side  of  a  slide 
valve  to  curt  the  steam 
off  at  various  fractional 
parts  of  the  stroke,  134. 
upon  a  slide  valve,  iiii- 

121. 

welded  flues,  U.  S.  regu- 
lations for,  236-240. 

Laps,  width  of,  212-214. 

Latent  heat,  definition  of,  57. 

Launch  engine.  Acme,  illus- 
trated   and    described, 

335,  336. 
stern    wheel,    illustrated 

and  described,  339-342. 
Launches  and  yachts,  steam, 

326-344. 
Lead,  characteristics  of,  xlii. 
Licensed  officers,  250-253. 
Linear  expansion  of  wrought 

iron  by  heat,  71. 
Line  shafting,  rules  for,  not 

applicable    for    engine 

crank  shafts,  160,  161. 
Licjuids,  weight  of,  xlvi. 
Locating  of  tubes  and  flues, 

196-200. 
Locomotive  boiler,  defect  of, 

.   93. 

illustrated  and  described, 

299. 
or  fire  box  boilers,  porta- 
ble with  charcoal  iron 
or  steel  shells,  and  steel 
fire  boxes,  299-302. 

Longitudinal  seams,  double 
rivetiug  of,  70. 

Lord's  compound  for  neutral- 
izing the  acids  in  feed 
waters,  364.    . 

Machine  designing,  385-390. 


Magnesia  coverings  for  pipes, 

value  of,  359. 
Magnesium    carbonate   as  a 

non-conductor  of  heat, 

345-350. 
Main  crank  shaft  and  driving 

pulley,  160-164. 

Malleability  of  matter,  xxxiv. 

Man  holes,  stays,  hand  holes, 
side  seams,  caulking, 
etc.,  200-202. 

Marine  boilers,  submerged 
tube  vertical, illustrated 
and  described,  329, 330. 
engine,  Willard  &  Go's., 
illustrated  and  de- 
scribed, 333-335- 
steam  boilers,  affidavit  of 
manufacturer,  229. 

Mass,  definition  of  the  term 
xli. 

Matter,  composition  of,  xxvi 
divisibility      of,      xxvi- 

xxviii. 
evaporation  of,  xxviii. 
general     properties      of, 

xxvi-xlvi. 
solution  of,  xxvii,  xxviii. 

Mean  pressure,  to  find  the,  on 
a  cylinder,  258-262. 

Mechanical  equivalent  of 
heat,  54,  55. 

Metals,  weight  of  different, 
xlv,  xlvi. 

Mills,  flour  and  cotton,  en- 
gines for,  106,  107. 

Mineral  wool  covering,  351, 

352. 

Mineral  wool,  influence  of,  on 
iron  pipes,  358,  359. 

Molecular  force  evolved  in 
changing  a  mixture  of 
oxygen  and  hydrogen 
gases  into  ice,  58. 

Molecules,  xxvi. 

Motion  curves,  illUvStrated  and 
described,  130-132. 
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Paokitif^  for  piston  and  sluff- 
inj^  box,  147  151. 

Percushiou  of  bodies,  heat 
j;i  lUTatod  by,  56. 

Peerless  marine  enj^iiie,  the, 
illustrated  and  de- 
srribe.l.  .^^,6--3;vS. 

Pepper  liox  boiler,  (lefectsof, 


rod,  securing  of,   to 
cross    bead,     144'- 

147. 
Piston  rods,  proper  material 

to  be  made  of,  146. 
valve,  balanced,  157. 
Pistons,  error  of  heavy  cast- 
ing of,  149.  150. 
openinj(fl  in  face  of,  for  ad- 
mission of  steam,  150. 
Pittinjf  of  mud  drums,  379. 


Phosphor-bronze  i)iston,  use  .  Plate  iron,  table  of  weight  of, 
of,  147.  I  per  square  foot,  344. 

I*ins,  cross  head  and  crank,  !  Pbites,  steel  Z'S.  iron,  191-194. 
construction    of,     141,    Polishing    and    finishing 


142. 


metels,  394-396. 


Pipe  coverinj^  materials,  fires    Poppet  valve,  single  and  dou- 
caii.sed  by.  356.  '  ble,  153-155- 

coverinj^s,  table  of  result    Pores,  xxix. 

of    experiments    with,  ;  Porosity  of  matter,  xxix,  xxx. 


362. 

Pipes  and  valves,  feed  and 
blow-olT,  17S-1.S1. 

Piston  and  exhar.st  after  ex- 
pansion, rule  to  find 
the  relative  stale  of,  133. 
and  piston  packing,  312, 

313. 
and  .stuffing  box  packing, 

J47-151.' 
best  mode  of  securing,  to 

the  j)iston  rod,  146. 

cast  iron,  use  of,  in  Eng- 
land, 1 48. 

compression  of  exhaust 
sieam  on  the,  115. 

functions  of,  114. 

head,  proper  boring  of, 
146. 

phosphor-bronze,  use  of, 
147. 

rod,  best  manner  of  fas- 
tening a,  to  the  cross 
head,  145,  146. 

error  of  screwing, 
into  a  cast  iron 
cross  head,  144, 145. 


l*ort  openings,   rule  for  get 

ting  the  proper  area  for, 

132,  12$  vC-] 
Ports,    steam    and    exhaust, 

illustrated,  113. 
steam    and    exhaust, 

proper  standard  of,  152, 

153-  vc  7 
and  slide  A'alves,  propor- 
tioning, 122-126.        , 
Potential  energy,  57,  58. 
Power,    transmission    of,    to 

Hiain  lines  and  counter, 

16H-172. 
Pressure  allowable  on  boilers 

built  prior  to  February 

28,  1872,  232. 
Prevention    and   removal   of 

scale  in  steam  boilers, 

363-366. 
Priming,  cause  of,  199.3^0. 
Proportion  and  construction 

of  an  engine,  140-226. 
Proportioning  ports  and  slide 

valves,  122-126. 
Pulleys,  rule  for  calculating 

speed  of,  397-399- 
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Reed's  pipe  covering,  352. 
Regulation  of  speed,  99,  100. 
Releasing    gear,     illustrated 
and  described,  305,  306. 
Repulsion,  xi,  xxxi,  xxxii. 
Riveted  flues,  U.  S.  rules  for, 
233-236. 
joints,    breaking    strains 
of,  69.      ' 

illustrated    and    de- 
scribed, 7S-85. 
Riveting  and  staying,  207-209. 
button     set,      illustrated 
and  described,  301,  302. 
Rivets,  area  of,  holding  crow 
feet  to  boiler  heads,  84. 
spacing  of,  212-214. 
Rotative    pressures    from    a 
pair  of  cranks  at  right 
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Settings  for  boilers,  T 74-1 78. 

Setting  up  steam  engines, 
187-191. 

Shaft,  crank,  errors  in  the 
construction  of,  142. 

Sheet  iron,  galvanized,  table 
of  weight  of,  344. 

Shells  and  tubes,  221-226. 

Side  seams,  man  holes,  stays, 
hand  holes,  side  seams, 
caulking,  etc.,  200-202. 

Single  and  double  horizontal 
engines,  and  the  trans- 
mission of  power  to 
main  lines  and  counter, 
168-172. 
riveted  seam,  compara- 
tive strength  of  a,  77. 

^_..    __   „  __    Slack,  value  of,  384. 

angles,  illustrated  and  1  Slide  valve,  how  to  set,  illus- 


described,  107,  108. 
pressure,  unifonnily  of, 
by  a  pair  of  cranks  at 
right  angles,  107. 
Rubbers  on  band  saw  wheels, 
direction  for  putting 
on,  400. 

Safety  valves,  errors  in  use 
of,  183,  184. 

Saturated  steam,  properties 
of,  367. 

Saw  blades,  directions  for 
brazing,  399. 

Scale  in  steam  boilers,  pre- 
vention and  removal 
of,  363-366. 

Seam,  single  riveted,  compar- 
ative strength  of,  77. 

Seams,    longitudinal,  double 
riveting  of,  70. 
transverse,     riveting    of, 
70. 

Sectional  tube  boiler,  advan- 
tages of,  215-217. 

Securing  of  piston  rod  to 
cross  head,  144-147. 


trated    and    described, 

135-139- 
valve-s,  II 2-1 2 1. 

valves  and  ports,  propor- 
tioning, 122-126.    )  '   ■' 
vSlides,  hot  journal,  loss  from^ 

140. 
Sliding  gridiron  valve,   156, 

157. 

Smoke  due  to  deficient  sup- 
ply of  air  in  the  fur- 
nace, 63. 

Solution  of  matter,  xxvii, 
xxviii. 

Spacing  rivets,  width  of  laps, 
etc.,  212-214. 

Specific    gravities,   table    of, 

377,  378. 

vSpeed  of  pulleys,  rule  for  cal- 
culating, 399. 
regulation  of,  99,  100. 

Spring  packing,  effect  of,  on 
cylinders,  149. 

Stationary  boiler,  conditions 
for  obtaining  best  re- 
sults, 93-95. 

Staying  and  riveting,  207-209. 
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Stays,  man  holes,  hand  holes, 
side  seauis,    caulking, 

etc.,  200-2O3. 

Steam  and   exhaust    valves, 

153-157. 
boilers,  forms  of,  6S-S5. 

U.    S.   regulation   in 

regard     to,      243- 

249. 

coal,  381-384. 

drums,     uselessuess     of, 

199,  200. 

economy  in  the  use  of, 

96-1 I I . 

engine,    efl&cient    power 

of,  50,  51- 

theory  of  the,  50-58. 
engines,  duty  of,  377. 

setting  up,  187-191. 
flow  of,  from  an  orifice, 
366.    tL  • 

through   pipes,  368- 

370. 
gauges,  393. 
-    -  general     properties     of, 

374,  375. 
healing.  3S0,  381. 

heat  units  rccjuired  to 
convert  boiling  water 
into,  57. 

jacketing,  151,  152. 

launches,  sizes,  343. 

lead,  167. 

packing,  self-acting,  14S, 
149. 

ports,  proper  standard  ot, 

152,  153-  '-  -      •' 
requirements  of,  97. 

pressure,  allowed  on  boil- 
ers, table  of,  250. 
release  of,  115. 
saturated,  properties  of, 

367. 
table  of  mean  pressure  of, 

at  different  rates  of  ex- 
pansion, 260. 
valve,  perfection  of,  114.. 


Steam  yacht  Juno,  illustrated 

and  described,  327, 328. 

yachts  and  launches,  326- 

344. 
Steamboat  rules,  changes  in, 

253.  254. 
Steamers,  U.  S.,  rule  for  the 

inspection  of,  242. 
Steel,  action  of  a  dusty  wind 
u|x>n,  xxxvii. 
and  iron,  average  break- 
ing   and    crushing 
strains  of,  379. 
boiler  plates,  advantages 

of,  202,  203. 
field  pieces,  191,  192. 
molecular  changes  in,  by 
heating  and  by  temper- 
ing, xxxviii. 
plates,  effect  of  punching 
on,  204. 
legal  regulations   in 
regard  to,  229,  230. 
punching    vs.    drill- 
ing, 202-209. 
properties    of,      x  x  x  v , 

xxxvi. 
vs.  iron  plates,  1 91-194. 
Stern    wheel     launch,    illus- 
trated   and    described, 
339-342. 
Stop  valves,  proper  size  of,  185. 
requisite  number  on 
a  boiler,  184,  185. 
vStrength  of  boilers,  76-85. 
of  substances,    table   of, 
xlvi  -xlviii. 
Stud  bolts  and  the  practice  ol 
tapping  cast  irou,  172- 
174. 
Stuffing  box  and  piston  pack- 
ing, 147-151. 
necessary     attention     to 
lining  of,  150. 
Submerged  tube  vertical  ma- 
rine boilers,  illustrated 
and  described,  329, 330. 
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Table  by  which  to  ascertain 
the  amount  of  lap  nec- 
essary on  the  steam 
side  of  a  slide  valve  to 
cut  the  steam  off  at 
various  fractional  parts 
of  the  stroke,  134. 

by  which  to  find  the  rela- 
tive state  of  piston  and 
exhaust  after  expan- 
sion, 133. 

of  hardness  of  substances, 
xlviii,  xlix. 

of  horse  power,  300. 

of  horse  power  which 
may  be  transmitted  by 
open  single  belts  to 
pulleys  running  100 
revolutions  per  minute, 

403. 

of  indicated  horse  power 
for  each  pound  of 
mean  effective  pres- 
sure, with  different  di- 
ameter and  speeds  of 
pistons,  261. 

of  mean  pressure  of  steam 
at  different  rates  of 
expansion,  260. 

of  specific  gravities,  377, 

378. 
of  steam  pressure  alloived 

on  boilers,  250. 
of  strength  of  substances, 

xlvi-xlviii. 
of  transmitting  efficiency 
of  turned  iron  shafting 
at  different  speeds,  401, 
402. 
of  weight  of  different  sub- 
stances, xlv,  xlvi. 
of  plate  iron,  344. 
of  round  and  square 

iron,  344. 
of  wrought  iron  pipe, 

402. 
per   square    foot  of 


l^alvanized  sheet 
iron,  344. 
Tables  of  condensation  in  dif- 
ferently covered  pipes, 

354.  355. 

Tandem  compound  condens- 
ing engines,  illustrated 
and  described,  317-325. 

Tangential  pressure  on  the 
crank  of  a  direct  acting 
engine,  illustrated  and 
described,  107. 

Tapping  cast  iron  for  stud 
bolts,  172-174. 

Temperature  of  fire,  384,  385.  ^ 

Temperatures,  initial  and  ter-  ' 
minal,  88,  89. 

Tempering   points  of  tools, 

399- 
Template    of    anchor     bolt 

holes,    illustrated  and 

described,  188-190. 

Tensile  strength  of  a  bar  of 
iron,  77. 

Theory  of  the  steam  engine, 

50-58. 
Thermal     unit,    mechanical 

equivalent  of  a,  55. 
Thickness  of  shells,  209-214.  '  '^ 
Tin  and  copper  combinations 

of,  xxxvii. 
Tools,  tempering  points  of, 

397. 
working  steel  for,  396. 

Torsional  stiffness  of  a  shaft, 
160. 
strength  of  a  shaft,  160. 

Transmitting  efficiency  of 
turned  iron  shafting  at 
different  speeds,  401, 
402.  Jr ,      ■ . 

Transverse  seams,  riveting  of, 
70. 
strength  of  a  boiler,  83. 

Trenton  engine,  class  A,  illus- 
trated and  described, 
270-274. 
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Trenton  eneine,  class  B,  illus- 
trated   and  described, 
275-277. 
class  C,   illustrated  and 
described,  277,  278. 
class  D,  illustrated   and 
described,  279-281. 
steam  engine,  automatic 
cut-ofF,  263-281. 
Tube  opening,  proportion  to 

total  grate  area,  221,  J-*-^ 
Tubes  and  flues,  locating  of, 
196-200. 
and  shells,  221-226. 
fixing    the    number    of, 

217-221. 
joints  for,  illustrated  and 

described,  74-76. 
length  of,  222. 
vs.  flues,  194-196. 
Tubular  boilers,  194,  195. 

vertical,  U.  S.  restric- 
tion in  use  of,  242. 

United  States  government 
general  rules  for  steam 
(marine)  boilers,  227- 

254. 
Use   of   an    intermediate  re- 
ceiver,  illustrated  and 
described,  109-111. 

Valve,    admission    of  steam 
into  the,  114. 
lead  to,  114,  115. 
motion,     diagram,     127- 

132. 
motions,        disengaging, 
and  their  adjustment, 
164-167. 
for     quick     speeds, 
157-160. 
slide,  how  to  set,   illus- 
trated   and    described, 

135-139. 
to  find  the  lap  and  travel 
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of,  illustrated  and 
scribed,  124-126. 
Valve,  without  a  lap,   illus- 
trated  and   described, 
119-121. 
Valves  and  pipes,  feed  and 
blow  off,  1 78-18 1. 

balanced,  98. 

slide,  112-121. 

steam  and  exhaust,  153- 

VeniclfLrinebone..«ade 
by  Chas.  P.  Willard  & 
Co.,  331,  332. 
tubular  boilers,  U.  S.  re- 
striction in  use  of,  242. 

Walls  for  shell  tube  boilers, 

175.  176. 
Waste  of  fuel,  modes  of,  63, 
64. 
steam,  release  of,  117, 118. 
Water,  balancing  equivalent 
to  air,  65. 
boiling,    heat   units    re- 
quired to  convert,  into 
steam,  57. 
drops   of,   in    a    gallon, 

xxviii. 
tube  sectional  boiler, 
Babcock  &  Wilcox,  il- 
lustrated and  described, 
224-226. 
Watts  Campbell  Co.,  im- 
proved Corliss  engines, 

303-325. 

Weight,  comparative,  of  sub- 
stances, xli. 
of    different   substances, 
table  of,  xlv,  xlvi. 

Willard  &  Co.'s  yacht  and 
launch  vertical  marine 
boilers,  made  by,  331, 

332. 
marine      engine,     illus- 
trated  and   described, 

333-335- 
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Wood,  weight  aud  compara- 
tive fuel  value  of,  376. 

Working  steel  for  tools,  J96. 

Wrought  iron  pipe,  weight 
of,  402. 

Yacht  boilers,  329. 


Yachts  and  launches,  steanii 

326-344. 
Yacht    and    launch    vertical 

marine  boilers   (Chas. 

P.    Willard    &   Co.'s), 

general  dimensions  of, 

33i>  332. 
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METAL  PACKING 

For  Piston  Rods,  Valve  Stems,  etc. 

of  every  description. 

For  steam  Engines,  Pumps,  etc.,  etc. 

Adopted  and  in  use  by  the 
principal  Mills,  Iron  Works  and 
Steamship  Companies  within  the 
last  twelve  years  in  this  and  for- 
eign countries.  Also  flexible 
tubular  metallic  packing  for  slip- 
joints  on  steam  pipes,  and  for  hydraulic  pressure. 

For  full  particulars  and  reference  address 
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mON  WORKS, 

Pratt  and  Scott  Streets, 
BALTIMORE,  MD. 

Manufacturers  of 
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And  all  other  Machinery, 
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LIGHT  AND  HEAVY  FOMINGS, 
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Office  Railing,  Fronts,  Doors, 

Shutters,  Etc. 

Prompt  attention  given  to  Repairing. 
All  Country  Orders  promptly  attended  to. 

Complete  Plants  for  Gas  and  Water  Works 

for  Cities  and  Towns. 
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AMATEUR  MECHANICS'  WORKSHOP: 

A  treatise  containing  plain  and  concise  directions  for  the  manipula- 
tion of  Wood  and  Metals,  including  Casting,  Forging,  Brazing, 
Soldering  and  Carpentry.  By  the  author  of  the  "  Lathe  and  Its 
Uses."     Seventh  edition.     Illustrated.     8vo.     .  .         $3.00 

ANDRES.— A  Practical  Treatise  on  the  Fabrication  of  Volatile 
and  Fat  Varnishes,  Lacquers,  Siccatives  and  Sealing 
Waxes. 
From  the  German  of  Erwin  Andres,  Manufacturer  of  Varnishes 
and  Lacquers.  With  additions  on  the  Manufacture  and  Application 
of  Varnishes,  Stains  for  Wood,  Horn,  Ivory,  Bone  and  Leather. 
From  the  German  of  Dr.  Emil  Winckler  and  Louis  E.  Andes. 
The  whole  translated  and  edited  by  William  T.  Brannt.  With  xi 
illustrations.     i2mo. J(2«50 

ARLOT. — A  Complete  Guide  for  Coach  Painters : 

Translated  from  the  French  of  M.  Arlot,  Coach  Painter;  for 
eleven  years  Foreman  of  Painting  to  M.  Eherler,  Coach  Maker, 
Paris.  By  A.  A.  Fesquet,  Chemist  and  Engineer.  To  which  is 
added  an  Appendix,  containing  Information  respecting  the  Materials 
and  the  Practice  of  Coach  and  Car  Painting  and  Varnishing  in  the 
Tlaitcd  States  and  Great  Britain-     92mo.  .        .        .        ^$1*25 
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ARMBNOAUD,  AMOROUX,  AND  JOHNSON.—The  Practi- 
cal  Draughtsman's  Book  of  Industrial  Design,  and  Ma-^ 
chinist's  and  Engineer's  Drawing  Companion : 

Forming  a  Complete  Course  of  Mechanical  Engineering  and  Archie 
tectural  Drawing.  From  the  French  of  M.  Armengaud  the  elder. 
Prof,  of  Design  in  the  Conservatoire  of  Arts  and  Industry,  Paris,  and 
MM.  Armengaud  the  younger,  and  Amorous,  Civil  Engineers.  Re- 
written and  arranged  with  additional  matter  and  plates,  selections  from 
and  examples  of  the  most  useful  and  generally  employed  mechanism 
of  the  day.  By  William  Johnson,  Assoc.  Inst.  C.  £.  Illustrated 
by  fifty  folio  steel  plates,  and  fifty  wood-cuts.  A  new  edition,  4to-, 
half  morocco ^lo.oo 

ARMSTRONQ.— The  Construction  and  Management  of  Steam 
Boilers : 
By  R.  Armstrong,  C.  E.    With  an  Appendix  by  Robert  Mallet, 
C.  E.,  F.  R.  S.     Seventh  Edition.     Illustrated,     i  vol.  i2mo.        75 

aRROWSMITH.— Paper-Hanger's  Companion : 

A  Treatise  in  which  the  Practical  Operations  of  the  Trade  are 
Systematically  laid  down:  with  Copious  Directions  Preparatory  to 
Papering;  Preventives  against  the  Effect  of  Damp  on  Walls;  the 
various  Cements  and  Pastes  Adapted  to  the  Several  Purposes  oi 
the  Trade;  Observations  and  Directions  for  the  Panelling  and 
Omameniing  of  Rooms,  etc.  By  James  Arrowsmith.  i2mo., 
clothe I1.25 

ASHTON. — The  Theory  and  Practice  of  the  Art  of  Designing 
Fancy  Cotton  and  Woollen  Cloths  from  Sample : 

Giving  full  instructions  for  reducing  drafts,  as  well  as  the  methods  of 
spooling  and  making  out  harness  for  cross  drafts  and  finding  any  re- 
quired reed;  with  calculations  and  tables  of  yam.  By  Frederic  T. 
AsHTON,  Designer,  West  Pittsfield,  Mass.  With  fifty-two  illustrations. 
One  vol.  folio  .         .         .         .         .-       .         .         .        ^6.00 

AUERBACH— CROOKES.—Anthracen : 

Its  Constitution,  Properties,  Manufacture  and  Derivatives,  including 
Aitificial  Alizarin,  Anthrapurpurin,  etc.,  with  their  applications  in 
Dyeing  and  Printing.  By  G.  AUERBACH.  Translated  and  edited 
fiom  the  revised  manuscript  of  the  Author,  by  Wm.  Crookes,  F.  R. 
S.,  Vice-President  of  the  Chemical  Society.     8vo.      .         .        ^5.00 

BAIRD.— Miscellaneous  Papers  on  Economic  Questions. 
By  Henry  Carey  Baird.     (In  preparation.) 

8AIRD. — The  American  Cotton  Spinner,  and  Manager's  and 
Carder's  Guide: 
A  Practical  Treatise  on  Cotton  Spinning ;  giving  the  Dimensions  and 
Speed  of  Machinery,  Draught  and  Twist  Calculations,  etc.;  with 
notices  of  recent  Improvements :  together  with  Rules  and  Examples 
ibr  making  changes  in  the  sizes  and  numbers  of  Roving  and  Yam. 
Compiled  from  the  papers  of  the  late  Robs&t  H.  Baird.     i2mo. 
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BAIRD. — Standard  Wages  Computing  Tables : 
An  Improvement  in  all  former  Methods  of  Computation,  so  arranged 
that  wages  for  days,  hours,  or  fractions  of  hours,  at  a  specified  rate 
per  day  or  hour,  may  be  ascertained  at  a  glance.     By  T.  Spangler 
Baird.    Oblong  folio 1^5 .00 

BAKER.— Long-Span  Railway  Bridges : 

'  Comprising  Investigations  of  the  Comparative  Theoretical  and 
Practical  Advantages  of  the  various  Adopted  or  Proposed  Type 
Systems  of  Construction ;  with  numerous  Formulae  and  Tables.  By 
B.  Baker.    i2mo.  I1.50 

BAKER.— The  Mathematical  Theory  of  the  Steam-Engine  : 
With  Rules  at  length,  and  Examples  worked  out  for  the  use  of 
Practical   Men.     By  T.  Baker,  C.   E.,  with  numerous  Diagrams. 
Sixth  Edition,  Revised  by  Prof.  J.  R.  Young.    i2mo.        ,  75 

BARLOW.— The  History  and  Principles  of  Weaving,  by 
Hand  and  by  Power : 
Reprinted,  with  Considerable  Additions,  from  **  Engineering,"  with 
a  chapter  on  Lace-making  Machinery,  reprinted  from  the  Journal  of 
the  »*  Society  of  Arts."  By  Alfred  Barlow.  "With  several  hundred 
illustrations.     8vo.,  443  pages ^10.00 

BARR.— A  Practical  Treatise  on  the  Combustion  of  Coal: 
Including  descriptions  of  various  mechanical  devices  for  the  Eco- 
nomic Generation  of  Heat  by  the  Combustion  of  Fuel,  whether  solid, 
liqukl  or  gaseous.    8vo 1^2. 50 

BARR. — A  Practical  Treatise  on  High  Pressure  Steam  Boilers : 
Including  Results  of  Recent  Experimental  Tests  of  Boiler  Materials, 
together  with  a  Description  of  Approved  Safety  Apparatus,  Steam 
Pumps,  Injectors  and  Economizers  in  actual  use.  By  Wm.  M.  Barr. 
204  Illustrations.     8vo.      . $3'00 

BAUERMAN.— A  Treatise  on  the  Metallurgy  of  Iron : 

Containing  Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analysis  of  Iron  Ores,  Processes  of  Manufacture  of  Iron 
and  Steel,  etc.,  etc.  By  H.  Bauerman,  F.  G.  S.,  Associate  of  the 
Royal  School  of  Mines.  Fifth  Edition,  Revised  and  Enlarged. 
Illustrated  with  numerous  Wood  Engravings  from  Drawings  by  J.  B. 
Jordan.     i2mo. J(2.oc 

BAYLBS. — House  Drainage  and  Water  Service : 

In  Cities,  Villages  and  Rural  Neighborhoods.  "With  Incidental  Con. 
sideration  of  Certain  Causes  Affecting  the  Healthfulness  of  Dwell- 
ings. By  James  C.  Bayles,  Editor  pf  "  The  Iron  Age  "  and  "  The 
Metal  Worker."     With  numerous  illustrations.     8vo.  cloth,       $3.00 

BEANS.— A  Treatise  on  Railway  Curves   and  Location  of 
Railroads : 
By  E.  W.  Beans,  C.  E.    Illustrated.     i2mo.    Tucks       .        $1.50 

BECKETT. — A  Rudimentary  Treatise  on  Clocks,  and  Watches 

and  Bells : 

By  Sir  Edmund  Beckett,  Bart.,  LL.  D.,  Q.  C.  F.  R.  A.  S.    With 

numerous  illustrations.      Seventh  Edition,  Revised  and  Enlarged. 

lamo ^2.25 
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BELL. — Carpentiy  Made  Easy : 

Or,  The  Science  and  Art  of  Framing  on  a  New  and  Improved- 
System.  With  Specific  Instructions  for  Building  Balloon  Frames,  Barn 
Frames,  Mill  Frames,  Warehouses,  Church  Spires,  etc.  Comprising 
also  a  System  of  Bridge  Building,  with  Bills,  Estimates  of  Cost,  and 
valuable  Tables.  Illustrated  by  forty-four  plates,  comprbing  nearly 
200  figures.  By  William  £.  Bell,  Architect  and  Practical  Builder. 
8vo.  ..........        $S'00 

BEMROSE.— Fret-Cutting  and  Perforated  Carving: 
With  fifty-three  practical  illustrations.     By  W.  Bemrose,  Jr.     I  voL 
quarto $3'^^ 

BEMROSE.— Manual  of  Buhl-work  and  Marquetry: 
With  Practical  Instructions  for  Learners,  and  ninety  colored  designs. 
By  W.  Bemrose,  Jr.     i  vol.  quarto  ....        fe-oo 

BEMROSE.— Manual  of  Wood  Carving: 
With  Practical  Illustrations  for  Learners  of  the  Art,  and  Original  and 
Selected  Designs.    By  William  Bemrose,  Jr.    With  an  Intro- 
duction by  Llewellyn  Jewitt,  F.  S.  A.,  etc.    With  128  illustra- 
tion's, 4to. l3*oc 

BILLINGS.- Tobacco : 
Ite  History,  Variety,  Culture,  Manufacture,  Commerce,  and  Various 
Modes  of  Use.    By  E.   R.  Billings.    Illustrated  by  nearly  200 
engravings.    8vo l3*0C 

BIRD. — Tbe  American  Practical  Dyers'  Companion : 

Comprising  a  Description  of  the  Principal  Dye-Stuffs  and  Chemicali 
used  in  Dyeing,  their  Natures  and  Uses ;  Mordants,  and  How  Made ; 
with  the  best  American,  English,  French  and  German  processes  for 
Bleaching  and  Dyeing  Silk,  Wool,  Cotton,  Linen,  Flannel,  Felt^ 
Dress  Goods,  Mixed  and  Hosiery  Yams,  Feathers,  Grass,  Felt,  Fur, 
Wool,  and  Straw  Hats,  Jute  Yarn,  Vegetable  Ivory,  Mats,  Skins, 
Furs,  Leather,  etc.,  etc.  By  Wood,  Aniline,  and  other  Processes, 
together  with  Remarks  on  Finishing  Agents,  and  Instructions  in  the 
Finishing  of  Fabrics,  Substitutes  for  Indigo,  Water- Proofing  of 
Materials,  Tests  and  Purification  of  Water,  Manufacture  of  Aniline 
and  other  New  Dye  Wares,  Harmonizing  Colors,  etc.,  etc. ;  embrac- 
ing in  all  over  800  Receipts  for  Colors  and  Shades,  accompanied  by 
170  Dyed  Samples  of  Raw  McUeriah  and  Fabrics.  By  F.  J.  BiRD, 
Practical  Dyer,  Author  of  •*  The  Dyers'  Hand-Book."    8vo.     ^10.00 

BLINN. — A  Practical  Workshop  Companion  for  Tin,  Sheet- 
Iron,  and  Copper-plate  Workers : 
Containing  Rules  for  describing  various  kinds  of  Patterns  used  by 
Tin,  Sheet-Iron  and  Copper-plate  Workers;  Practical  Geometiy; 
Mensuration  of  Surfaces  and  Solids;  Tables  of  the  Weights  of 
Metals,  Lead-pipe,  etc.;  Tables  of  Areas  and  Circumference!^ 
of  Circles ;  Japan,  Varnishes,  Lackers,  Cements,  Compositions,  etc., 
etc.  By  Leroy  J.  Blinn,  Master  Mechanic.  With  over  One 
Hundred  Illustrations.    i«mo. I2.50 
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900TH  .—Marble  Worker's  Manual : 

Containing  Practical  Information  respecting  Marbles  in  general,  theif 
Cutting,  Working  and  Polishing ;  Veneering  of  Marble ;  Mosaics ; 
Composition  and  Use  of  Artificial  Marble,  Stuccos,  Cements,  Receipts, 
Secreis,  etc.,  etc.  Translated  from  the  French  by  M.  L.  Booth. 
With  an  Appendix  concerning  American  Marbles.  i2mo.,  cloth  51.50 
BOOTH  and  MORFIT.— The  Encyclopaedia  of  Chemistry, 
Practical  and  Theoretical : 
Embracing  its  application  to  the  Arts,  Metallurgy,  Mineralogy, 
Geology,  Medicine  and  Pharmacy.  By  James  C.  Booth,  Melter 
and  Refiner  in  the  United  States  Mint,  Professor  of  Applied  Chem- 
istry in  the  Franklin  Institute,  etc.,  assisted  by  Campbell  Morfit, 
author  of  "  Chemical  Manipulations,"  etc.  Seventh  Edition.  Com- 
plete in  one  volume,  royal  8vo.,  978  pages,  with  numerous  wood-cuts 
and  other  illustrations $S'O0 

BRAM WELL.— The  Wool  Carder's  Vade-Mecum  t 
A  Complete  Manual  of  the  Art  of  Carding  Textile  Fabrics.     By  W, 
C.  Bramwell.     Third  Edition,  revised  and  enlarged.     Illustrated. 
Pp.  400.     i2mo $2.50 

BRANNT.^A  Practical  Treatise  on  Animal  and  Vegetabla 
Pats  and  Oils : 
Comprising  both  Fixed  and  Volatile  Oils,  their  Physical  and  Chemi- 
cal Properties  and  Uses,  the  Manner  of  Extracting  and  Refining 
them,  and  Practical  Rules  for  Testing  them ;  as  well  as  the  Manu- 
facture of  Artificial  Butter,  Lubricants,  including  Mineral  Lubricating 
Oils,  ete.,  and  on  Ozokerite.  Edited  chiefly  from  the  German  o? 
Drs.  Karl  Schaedler,  G.  W.  Askinson,  and  Richard  Brunner, 
with  Additions  and  Lists  of  American  Patents  relating  to  the  Extrac- 
tion, Rendering,  Refining,  Decomposing,  and  Bleaching  of  Fats  and 
Oils.  By  William  T.  Brannt.  Illustrated  by  244  engravings. 
739  pages.    8vo ^7.50 

BRANNY.— A  Practical  Treatise  on  the  Manufacture  of  Soap 
and  Candles : 
Based  upon  the  most  Recent  Experiences  in  the  Practice  and  Science ; 
oompri.'.ing  the  Chemistry,  Raw  Materials,  Machinery,  and  Utensils 
and  Various  Processes  of  Manufacture,  including  a  great  variety  of 
formulas.  Edited  chiefly  from  the  German  of  Dr.  C.  Deite,  A. 
Engelhardt,  Dr.  C.  Schaedler  and  others;  with  additions  and  list? 
of  American  Patents  relating  to  these  subjects.  By  Wm.  T.  Brannt. 
Illustrated  by  163  engravings.    677  pages.    8vo.      •        .        $7.50 

BRANNT.— A  Practical  Treatise  on  the  Raw  Materials  and  the 
Distillation  and  Rectification  of  Alcohol,  and  the  Prepara- 
tion of  Alcoholic  Liquors,  Liqueurs,  Cordials,  Bitters,  etc. : 
Edited  chiefly  from  the  German  o(  Dr.  K.  Stammer,  1  )r.  F.  Eisner, 
and  E.  Schubert.     By  Wm.  T.  Brannt.     Illustrated  by  thirty-one 
engravings.     i2mo. ^2.50 
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•RANNT— WAHL.— The  Techno-Chemical  Receipt  Bookt 

Containing  several  thousand  Receipts  covering  the  latest,  moflt  im 
portanl*  and  most  useful  discoveries  in  Chemical  Technology,  and 
their  Practical  Application  in  the  Arts  and  the  Industries.  Edited 
chiefly  from  the  German  of  Drs.  Winckler,  Eisner,  Heintze,  Mier- 
zinski,  Jacobsen,  Keller,  and  Heinzerling,  with  additions  by  Wm.  1« 
Brannt  and  Wm.  H.  Wahl,  Ph.  D.  Illustrated  by  78  engravings. 
l2mo.    495  pages  S2.00 

BROWN. — Five  Hundred  and  Seven  Mechanical  Movements: 
Embracing  all  those  which  are  most  important  in  Dynamics,  Hy- 
draulics, Hydrostatics,  Pneumatics,  Steam-Engines,  Mill  and  other 
Gearing,  Presses,  Horology  and  Miscellaneous  Machinery ;  and  in- 
cluding many  movements  never  before  published,  and  several  of 
which  have  only  recently  come  into  use.  By  Henry  T.  Brown. 
i2mo Ii.oo 

BUCKMASTER.— The  Elements  of  Mechanical  Phjrsics : 
By  J.  C.  BucKMASTER.      Illustrated   with   numerous  engravings. 
l2mo I1.50 

BULLOCK. — The  American  Cottage  Builder : 
A  Series  of  Designs,  Plans  and  Specifications,  from  $200  to  ^20,000, 
for  Homes  for  the  People;  together  with  Warming,  Ventilation, 
Drainage,  Painting  and  Land<;cape  Gardening.  By  John  Bullock, 
Architect  and  Editor  of  "  The  Rudiments  of  Architect  are  and 
Building,'*  etc.,  etc.     Illustrated  by  75  engravings.     8vo.  $3-S9 

BULLOCK. — The  Rudiments  of  Architecture  and  Building : 
For  the  use  of  Architects,  Builders,  Draughtsmen,  Machinists,  En- 
gineers and  Mechanics.     Edited  by  John  Bullock,  author  of  "  The 
American  Cottage  Builder."  Illustrated  by  250  Engravings.  8vo.  ^3.^ 

BURGH. — Practical    Rules    for   the  Proportions  of    Modern 
Engines  and  Boilers  for  Land  and  Marine  Purposes. 
By  N.  P.  BuRGH,  Engineer.     i2mo.  ....       .t^l.50 

BYLES.— rSophisms    of    Free    Trade    and    Popular  .  Political 

Economy  Examined. 

By  a  Barrister  (Sir  John  Barnard  Byles,  Judge  of  Common 

Pleas).       From  the   Ninth   English  Edition,  as   published    by   the 

Manchester  Reciprocity  Association.     i2mo.      .         .         .         $1.2$ 

BOWMAN.— The  Structure  of  the  Wool  Fibre  in  its  Relation 
to  the  Use  of  Wool  for  Technical  Purposes : 
Being  the  substance,  with  additions,  of  Five  Lectures,  delivered  at 
the  request  of  the  Council,  to  the  members  of  the  Bradford  Technical 
College,  and  the  Society  of  Dyers  and  Colorists.  By  F.  H.  Bow- 
man, D.  Sc,  F.  R.  S.  E.,  F.  L.  S.  Illustrated  by  32  engravings. 
8vo $6,$Q 

^YRNE. — Hand-Book  for  the  Artisan,  Mechanic,  and  Engi- 
neer: 
Comprising  the  Grinding  and  Sharpening  of  Cutting  Tools,  Abrasive 
Processes,  Lapidary  Work,  Gem  and  Glass  Engraving,  Varnishing 
and  Lackering,  Apparatus,  Materials  and  Processes  for  Grinding  and 
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Fblishing,  etc.  By  Olitek  Byrne.  Illustrated  hy  iS$  wood  en- 
gravings.   8vo. I5.00 

BYRNE.— Pocket-Book for  Railroad  and  Civil  Engineers: 
Containuig  New,  Exact  and  Concbe  Methods  for  Laying  out  Railroad 
Curves,  Switches,  Frog  Angles  and  Crossings ;  the  Staking  out  of 
work;  Levelling;  the  Calculation  of  Cuttings;  Embankments;  Earth* 
work,  etc.  By  Oliver  Byrne.  i8mo.,  full  bound,  pocket-book 
fonn |i-75 

BYRNE.— The  Practical  Metal- Worker's  Assistant : 
Comprising  Metallurgic  Chemistry ;  the  Arts  of  Working  all  Metals 
and  Alloys;  Forging  of  Iron  and  Steel;  Hardening  and  Tempering; 
Melting  and  Mixing;  Casting  and  Founding ;  Works  in  Sheet  Metal; 
the  Processes  Dependent  on  the  Ductility  of  the  Metals;  Soldering; 
and  the  most  Improved  Processes  and  Tools  employed  by  Metal- 
workers. With  the  Application  of  the  Art  of  Electro-Metallurgy  to 
Manufacturing  Processes ;  collected  from  Original  Sources,  and  from 
the  works  of  Holtzapffel,  Bergeron,  Leupold,  Plumier,  Napier, 
Scoffem,  Clay,  Fairbairn  and  others.  By  Oliver  Byrne.  A  new, 
revised  and  improved  edition,  to  which  is  added  an^ppendix,  con- 
taining The  Manufacture  of  Russian  Sheet- Iron.  By  John  Percy, 
M.  D.,  F.  R.  S.  The  Manufacture  of  Malleable  Iron  Castings,  and 
Improvements  in  Bessemer  Steel.  By  A.  A.  Fesquet,  Chemist  and 
Engineer.  With  over  Six  Hundred  Engravings,  Illustrating  every 
Branch  of  the  Subject.    8vo ^5-00 

BYRNE.— The  Practical  Model  Calculator: 
For  the  Engineer,  Mechanic,  Manufacturer  of  Engine  Work,  NaTa« 
Architect,  Miner  and  Millwright.     By  Oliver  Byrne.    8vo.,  nearly 
600  pages $4.c% 

CA.BINET  MAKER'S  ALBUM  OF  FURNITURE: 

Comprising  a  Collection  of  Designs  for  various  Styles  of  Furniture. 
Illustrated  by  Forty-eight  Large  and  Beautifully  Engraved  Plates. 
Oblong,  8vo ^1.50 

CALLINGHAM.— Sign  Writing  and  Glass  Embossing: 
A   Complete  Practical   Illustrated   Manual  of  the  Art.     By  James 
Callingham.     i2mo $1.50 

CAMPIN.— A  Practical  Treatise  on  Mechanical  Engineering : 
Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Work. 
shop  Machinery,  Mechanical  Manipulation,  Manufacture  of  Steam* 
Engines,  etc.  With  an  Appendix  on  the  Analysis  of  Iron  and  Iron 
Ores.  By  Fp  ancis  Campin,  C.  E.  To  which  are  added,  Observations 
on  the  Construction  of  Steam  Boilers,  and  Remarks  upon  Furnaces 
used  for  Smoke  Prevention ;  with  a  CJiapter  on  Explosions.  By  R. 
Armstrong,  C.  E.,  and  John  Bourne.  Rules  for  Calculating  the 
Change  Wheels  for  Screws  on  a  Turning  Lathe,  and  for  a  Wheel, 
cutting  Machine.  By  J.  La  Nicca.  Management  of  Steel,  Includ 
ing  Forging,  Hardening,  Tempering,  Annealing,  Shrinking  and 
Expansi  in ;  and  the  Case-hardening  of  Iron.  By  G.  Edf.  Swo, 
Illustrated  with  twenty-nine  plates  and  100  wood  engravings      ^5.00 
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CAREY.— A  Memoir  of  Henry  C.  Carey. 

By  Dr.  Wm.  Elder.    With  a  portrait.    8vo.,  cloth        •        •       }$ 

CAREY.— The  Works  of  Henry  C.  Carey : 

Harmony  of  Interests :  Agricultural,  Manufacturing  ancLCommer* 

cial.    8vo.  .        .        $1.50 

Manual  of  Social  Science.  Condensed  from  Carey's  "  Principles 
of  Social  Science."  By  Kate  McKean.  i  vol.  i2mo.  .  $2.2$ 
Miscellaneous  Works.    With  a  Portrait    2  vols.   8vo.         |io.oo 

Past,  Present  and  Future.    8vo I3.50 

Principles  of  Social  Science.    3  volumes,  8vo.  1 10.00 

The  Slave-Trade,  Domestic  and  Foreign;  Why  it  Exists,  and 
How  it  may  be  Extinguished  (1853).  8vo.  •  .  .  ^2.00 
The  Unity  of  Law :  As  Exhibited  in  the  Relations  of  Physical, 
Social,  Mental  and  Moral  Science  (1872^.     8vo.  .        $3'S<^ 

CLARK. — ^Tramways,  their  Construction  and  Working : 

Embracing  a  Comprehensive  History  of  the  System.  With  an  ex' 
haustive  analysis  of  the  various  modes  of  traction,  including  horse- 
power, steam,  heated  water  and  compressed  air ;  a  description  of  thr 
varieties  of  R9lling  stock,  and  ample  details  of  cost  and  working  ex- 
penses. By  D.  KiNNEAR  Clark.  Illustrated  by  over  200  wood 
engravings,  and  thirteen  folding  plates.     2  vols.     8vo.         •     |il2.50 

COLBURN.— The  Locomotive  Engine  : 

Including  a  Description  of  its  Structure,  Rules  for  Estimating  its 
Capabilities,  and  Practical  Observations  on  its  Construction  and  Man- 
agement.    By  Zerah  CoLBURN.    Illustrated.     i2mo.         .        ^i.oo 

vOLLENS.— The  Eden  of  Labor;  or,  the  Christian  Utopia. 
By  T.  Wharton  Collens,  author  of  «  Humanics,"   "  The  Historj 
of  Charity,"  etc.    i2mo.     Paper  cover,  $1.00;  Cloth         .        #1.25 

COOLEY. — A  Complete  Practical  Treatise  on  Perfumery : 
Being  a  Hand-book  of  Perfumes,  Cosmetics  and  other  Toilet  Articles. 
With  a  Comprehensive    Collection  of  Formulae.     By  Arnold  J 
CooLEY.    i2mo $i»S^ 

COOPER. — A  Treatise  on  the  use  of  Belting  for  t^e  Trans^ 
mission  of  Power. 
With  numerous  illustrations  of  approved  and  actual  methods  of  ais 
ranging  Main  Driving  and  Quarter  Twist  Belts,  and  of  Belt  Fasten 
ings.     Examples  and  Rules  in  great  number  for  exhibiting  and  cal 
culating  the  size  and  driving  power  of  Belts.     Plain,  Particular  and 
Practical  Directions  for  the  Treatment,  Care  and  Manigement  o' 
Belts.     Descriptions  of  many  varieties  of  Beltings,  together  witn 
chapters  on  the   Transmission  of  Power  by  Ropes;   by  Iron  and 
Wood  Frictional  Gearing;  on  the  Strength  of  Belting  Leather;  and 
on  the  Experimental  Investigations  of  Morin,  Briggs,  and  others.     B^ 
John  H.  Cooper,  M.  E.  8vo. l3«5Q 

CRAIK.— The  Practical  American  Millwright  and  M^er. 

By  David  Craik,  Millwright.  Illustrated  by  numerous  wood  «»- 
g^avings  and  two  folding  plates.     8vo.       •         •        •        •         $S^^ 
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CREW. — A  Practical  Treatise  on  Petroleum : 

Comprising  its  Origin,  Geology,  Geographical  Distribution,  History, 
Chemistry,  Mining,  Technology,  Uses  and  Transportation.  Together 
with  a  Description  of  Gas  Wells,  the  Application  of  Gas  a3  Fuel,  etc. 
By  Benjamin  J.  Crew.  With  an  Appendix  on  the  Product  and 
Exhaustion  of  the  Oil  Regions,  and  the  Geo]ogy  of  Natural  Gas  in 
Pennsylvania  and  New  York.  By  Charles  A.  Ashburner,  M.  S.. 
Geologist  in  Charge  Pennsylvania  Survey,  Philadelphia  Illustrated 
by  70  engravings.     8vo.     508  pages  ....        $5.00 

CROSS.— The  Cotton  Yam  Spinner  : 

Showing  how  the  Preparation  should  be  arranged  for  Different 
Counts  of  Yarns  by  a  System  more  uniform  than  has  hitherto  been 
practiced ;  by  having  a  Standard  Schedule  from  which  we  make  all 
our  Changes.    By  Richard  Cross.     122  pp.     i2mo.      .  75 

CRI8TIANI. — ^A  Technical  Treatise  on  Soap  and  Candles: 

With  a  Glance  at  the  Industry  of  Fats  and  Oils.     By  R.  S.  Cris 
TiAN  I,  Chemist.     Author  of  "  Perfumery  and  Kindred  Arts."     Illus-* 
trated  by  176  engravings.     581  pages,  8vo.        .         .        .      ]f(  12.50 

CRISTIANI.— Perfumery  and  Kindred  Arts: 
A  Comprehensive  Treatise  on  Perfumery,  containing  a  History  of 
Perfumes  from  the  remotest  ages  to  the  present  time.  A  complete 
detailed  description  of  the  various  Materials  and  Apparatus  used  in 
the  Perfumer's  Art,  with  thorough  Praciical  Instruction  and  careful 
Formulae,  and  advice  for  the  fabrication  of  all  known  preparations  of 
the  day,  including  Essences,  Tinctures,  Extracts,  Spirits,  Waters, 
Vinegars,  Pomades,  Powders,  Paints,  Oils,  Emulsions,  Cosmetics, 
Infusions,  PaslilUs,  Tooth  Powders  and  Washes,  Cachous,  Hair  Dyes, 
Sachets,  Essential  Oils,  Flavoring  Extracts,  etc. ;  and  full  details  for 
making  and  manipulating  Fancy  Toilet  Soaps,  Shaving  Creams,  etc., 
by  new  and  improved  methods.  With  an  Appendix  giving  hints  and 
advice  for  making  and  fermenting  Domestic  Wines,  Cordials,  Liquors, 
Candies,  Jellies,  Syrups,  Colors,  etc.,  and  for  Perfuming  and  Flavor- 
ing Segars,  Snuff  and  Tobacco,  and  Miscellaneous  Receipts  foi 
various  useful  Analogous  Articles,  By  R.  S.  Cristiani,  Con- 
sulting Chemist  &nd  Perfumer,  Philadelphia.     8vo.    .         •      j^xcoo 

DAVIDSON.— A  Practical  Manual  of  House  Painting,  Grain- 
ing, Marbling,  and  Sign- Writing: 
Containing  full  information  on  the  processes  of  House  Painting  in 
Oil  and  Distemper,  the  Formation  of  Letters  and  Practice  of  Sign- 
Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House  Painters,  Writers,  etc.,  and  a  Collection  of  Useful 
Receipts.  With  nine  colored  illustrations  of  Woods  and  Marbles, 
and  numerous  wood  engravings.    By  Ellis  A.  Davidson.    i2mo. 

1^3.00 

DAVIES. — A  Treatise  on   Earthy  and  Other  Minerals  and 
Mining : 
By  D.  C.  Da  VIES,  F.  G.  S.,  Mining  Engineer,  etc.    Illustrated  by 
76  Engravings.     i2mo J^S-OO 
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OAVIBS.^A  TreatiM  on  Metalliferous  Minerals  and  Miningt 
By  D.  C.  Davibs,  F.  G.  S.,  Mining  Engineer,  Examiner  of  Mine& 
Quarries  and  Collieries.    lUastrated  by  148  engravings  of  Geological 
rormations.   Mining  Operations  and  Machinery,  drawn   from   the 
practice  of  all  parts  of  the  world.   2d  Edition,  i2mo.,  450  ]>ages  ^5.00 

dAVIES.—A  Treatise  on  Slate  and  Slate  Quarr3ring: 
Scientific,  Practical  and  Commercial.     By  D.  C.  Davies,  F.  G.  S., 
Mining  Engineer,  etc.     With  numerous  illustrations  and  folding 
pistes.    I8M0 $2X)a 

DAVIS. — A  Treatise  on  Steam-Boiler  Incrustation  and  Meth* 
ods  for  Preventing  Corrosion  and  the  Ponnation  of  Scale ; 
By  Charles  T.  Davis.    Illustrated  by  65  engravings.    8vo.   I1.50 

PAVIS.— The  Manufacture  of  Paper  : 
Being  a  Description  of  the  various  Processes  for  the  Fabrication, 
Coloring  and  Finishing  of  every  kind  of  Paper,  Including  the  Dif- 
ferent Raw  Materials  and  the  Methods  for  Determining  their  Values, 
the  Tools,  Machines  and  Practical  Details  connected  with  an  intelli- 
gent and  a  profitable  prosecution  of  the  art,  with  special  reference  to 
the  best  American  Practice.  To  which  are  added  a  History  of  Pa- 
per, complete  Lists  of  Paper-Making  Materials,  List  of  American 
Machines,  Tools  and  Processes  used  in  treating  the  Raw  Materials, 
and.  in  Making,  Coloring  and  Finishing  Paper.  By  Charles  T. 
Davis.    Illustrated  by  i$6  engravings.    608  pages,  8vo.  |6.ao 

DAVIS.— The  Manufacture  of  Leather: 
Being  a  description  of  all  of  the  Processes  for  the  Tanning,  Tawing, 
Currying,  Finishing  and  Dyeing  of  every  kind  of  Leather ;  including 
the  various  Raw  Materials  and  the  Methods  fo^  Determining  their 
Values;  the  Tools,  Machines,  and  all  Details  of  Importance  con- 
nected with  an  Intelligent  and  Profitable  Prosecution  of  the  Art,  with 
Special  Reference  to  the  Best  American  Practice.  To  which  are 
added  Complete  Lists  of  all  American  Patents  for  Materials,  Pro- 
cesses, Tools,  and  Machines  for  Tanning,  Currying,  etc.  By  Charles 
Thomas  Davis.  Illustrated  by  302  engravings  and  12  Samples  of 
Dyed  Leathers.    One  vol.,  8vo.,  824  pages       .        •        .      ^10.00 

DAWIDOWSKY— BRANNT.— A   Practical  Treatise  on  the 

Raw  Materials  and  Fabrication  of  Glue,  Gelatine,  Gelatine 

Veneers  and  Foils,  Isinglass,  Cements,  Pastes,  Mucilages, 

etc.: 

Eased  upon  Actual  Experience.     By  F.  Dawidowsky,  Technical 

Chemist.     Translated  from  the  German,  with  extensive  additions, 

including  a  description  of  the  most  Recent  Amerioan  Processes,  by 

William  T.  Brannt,  Graduate  of  the  Royal  Agricultural  College 

of  Eldena,  Prussia.     35  Engravings.     l2mo.    .         .         .         ^2.50 

D£  GRAFF.— The  Geometrical  Stair-Builders*  Guide : 
Being  a  Plain  Practical  System  of  Hand-Railing,  embracing  all  iti 
necessary  Details,  and  Geometrically  Illustrated  by  twenty-two  Steel 
Engravings ;  together  with  the  use  of  the  most  approved  pnnciplei 
of  Practical  Geometry.     By  Simon  De  Graff,  Architect      4te. 
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OS  KONINCK— DIBTZ.— A  Practical  Majiual  of  Chemical 
Analysia  and  Assaying : 

Af  applied  to  the  Manufacture  of  Iron  from  its  Ores,  and  to  Cast  Iron, 
Wrought  Iron,  and  Steel,  as  found  in  Commerce.  By  L.  L.  Dr 
KoNiNCK,  Dr.  So.,  and  £.  Dietz,  Engineer.  Edited  with  Notes,  by 
Robert  Mallet,  F.  R.  S.,  F.  S.  G.,  M.  I.  C.  E.,  etc.  American 
Edition,  Edited  with  Notes  and  an  Appendix  on  IroK  Ores,  by  A.  A. 
Fesquet,  Chemist  and  Engineer.     i2mo.  .        •        .        I2.50 

DUNCAN.— Practical  Surveyor's  Guide: 

Containing  the  necessary  information  to  make  any  person  of  com- 
mon  capacity,  a  finished  land  surveyor  without  the  aid  of  a  teacher.' 
By  Andrew  Duncan.  Illustrated.  i2mo.  .  .  '  .  I1.25 
DUPLAIS. — A  Treatise  on  the  Manufacture  and  Distillation 
of  Alcoholic  Liquors : 
Comprising  Accurate  and  Complete  Details  in  Regard  to  Alcohol 
from  Wine,  Molasses,  Beets,  Grain,  Rice,  Potatoes,  Sorghum,  Aspho* 
del,  Fruits,  etc. ;  with  the  Distillation  and  Rectification  of  Brand}^ 
Whiskey,  Rum,  Gin,  Swiss  Absinthe,  etc.,  the  Preparation  of  Aro- 
matic Waters,  Volatile  Oils  or  Essences,  Sugars,  Syrups,  Aromatic 
Tinctures,  Liqueurs,  Cordial  Wines,  Efjfervescing  Wines,  etc.,  tlie 
Ageing  of  Brandy  and  the  improvement  of  Spirits,  with  Copiona 
Directions  and  Tables  for  Testing  and  Reducing  Spirituous  LiquorSi 
etc.,  etc.  Translated  and  Edited  from  the  French  of  MM.  Duplais, 
Aini  et  Jeune.  By  M.  McKennie,  M.  D.  To  which  are  added  the 
United  States  Internal  Revenue  Regulations  for  the  Assessment  and 
Collection  of  Taxes  on  Distilled  Spirits.  Illustrated  by  fourteea 
folding  plates  and  several  wood  engravings.     743  pp.  8vo.        ^10  00 

BUSSAGCE.^Practical  Treatise  on  the  Fabrication  of  Matches, 
Gun  Cotton,  and  Fulminating  Powder. 

By  Professor  H.  Dussauce.     i2mo fo  oo 

OYER  AND  COLOR-MAKER'S  COMPANION: 

Containing  upwards  of  two  hundred  Receipts  for  making  Colors,  on 
the  most  approved  principles,  for  all  the  various  styles  and  fabrics  now 
in  existence;  with  the  Scouring  Process,  and  plain  Directions  for 
Preparing,  Washing-off,  and  Finishing  the  Goods.     i2mo.         $1  25 

EDWARDS.— A  Catechism  of  the  Marine  Steam-Engine, 
For  the  use  of  Engineers,  Firemen,  and  Mechanics.  A  Practical 
Work  for  Practical  Men.  By  Emory  Edwards,  Mechanical  Engi- 
neer. Illustrated  by  sixty-three  Engravings,  including  examples  of 
the  most  modem  Engines.  Third  edition,  thoroughly  revised,  with 
much  additional  matter.     1 2  mo.  414  pages        .         .         .         ^2  OQ 

EDWARDS. — Modem  American  Locomotive  Engines, 

Their  Design,  Construction  and  Management.    By  Emory  EdwaRDS. 
Illustrated  i2mo ^.00 

8D WARDS.— The  American  Steam  Engineer :  • 
Theoretical  and  Practical,  with  examples  of  the  latest  and  most.ap- 
proved  American  practice  in  the  design  and  construction  of  Steam 
Engines  and  Boilers.  For  the  use  of  engineers,  machinists,  boiler- 
vp^ers,  and  engineering  students.  By  Emory  Edwards.  Fully 
muitrated,         419  pages.     i2mo.  .        •        •        •        $2.^ 
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BDWARDS. — Modem  American  Marine  BngineSj  BoilMBy  wnk 
Screw  Propellers, 

Their  Design  and  Construction.  Showing  the  Present  Praaice  of 
the  most  Eminent  Engineers  and  Marine  Engine  Builders  in  the 
United  States.  Illustrated  by  30  large  and  elaborate  plates.  4to.  $$,OQ 
BDWARDS.— The  Practical  Steam  Engineer's  Guide 
In  the  Design,  Construction,  and  Management  of  American  Stationary, 
Portable,  and  Steam  Fire-Enjgines,  Steam  Pumps,  Boilers,  Injectors^ 
Governors,  Indicators,  Pistons  and  Rings,  Safety  Valves  and  Steam 
Gauges.  For  the  use  of  Engineers,  Firemen,  and  Steam  Users.  B> 
£mory  Edwards.  Illustrated  by  119  engravings.  420  pages. 
i2mo 1^2  50 

EISSLER.— The  Metallurgy  of  Gold : 
A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-Bear- 
ing Ores,  including  the  Processes  of  Concentration  and  Chlorination, 
and  the  Assaying,  Melting,  and  Refining  of  Gold.     By  M.  Eissler. 
With  132  Illustrations.     i2mo ^3*5<> 

EISSLER.— The  Metallurgy  of  Silver : 

A  Practical  Treatise  on  the  Amalgamation,  Roasting,  and  Lixiviation 
of  Silver  Ores,  including  the  Assaying,  Melting,  and  Refining  of 
Silver  Bullion.  By  M.  Eissler.  124  Illustrations.  336  pp. 
l2mo 14-25 

ELDER. — Conversations  on  the  Principal  Subjects  of  Political 
Economy. 
By  Dr.  William  Elder.    8vo ^2.50 

ELDER.— Questions  of  the  Day, 

Economic  and  Social.    By  Dr.  William  Elder.    8vo.    .     I3.00 

BRNI.— Mineralogy  Simplified. 
Easy  Methods  of  Determining  and  Classifying  Minerals,  including 
Ores,  by  means  of  the  Blowpipe,  and  by  Humid  Chemical  Analysis, 
based  on  Professor  von  Kobell's  Tables  for  the  Determination  of 
Minerals,  with  an  Introduction  to  Modem  Chemistry.  By  Henry 
Erni,  A.M.,  M.D.,  Professor  of  Chemistry.  Second  Edition,  rewritten, 
enlarged  and  improved.  i2mo. $3-^ 

PAIRBAIRN.— The  Pnnciples  of  Mechanism  and  Machinery 
of  Transmission  * 
Comprising  the  Principles  of  Mechanism,  Wheels,  and  Pulleys, 
Storength  and  Proportlonsof  Shafts,  Coupling  of  Shafts,  and  Engag- 
ing and  Disengaging  Gear.  By  SiR  William  Fairbairn,  Bart 
C.  E.  Beautifully  illustrated  by  over  150  wood-cuts.  In  one 
volume.  i2mo. $^*S^ 

n^EMI NO.— Narrow  Gauge  Railways  in  America. 
A  Sketch  of  their  Rise,  Progress,  and  Success.     Valuable  Statistics 
as  to  Grades,  Curves,  Weight  of  Rail,  Locomotives,  Cars,  etc.     By 
Howard  Fleming.     Illustrated,  8vo ^i  00 

rORSYTH.— Book  of  Designs  for  Headstones,  Mural,  and 
other  Monuments : 
Conteining  78  Designs.    By  James  Forsyth.  With  an  Introduction 
hy  Charles  Boutell,  M.  A.    4  to.,  cloth      .        .  l5  «» 


HENRY  CAREY  BAIRD  &  CO/S  CATALOGUE.       13 

^^— ^  -  ^' 

FRANKBLr— HUTTER.— A  Practical  Treatise  on  the  Manu« 
factore  of  Starch,  Glucose,  Starch-Sugar,  and  Dextrine : 
Based  on  the  German  of  Ladislaus  Von  Wagner,  Professor  in  the 
Royal  Technical  High  School,  Bada-Pest,  Hungary,  and  other 
authorities.  By  Julius  Frankel,  Graduate  of  the  Polytechnic 
School  of  Hanover.  Edited  by  Robert  Hutter,  Chemist,  Practical 
Manufacturer  of  Starch-Sugar.  Illustrated  by  58  engravings,  cover- 
ing every  branch  of  the  subject,  including  examples  of  the  most 
Recent  and  Best  American  Machinery.     8vo.,  344  pp.      .         $3$^ 

GARDNER.— The  Painter's  Encyclopsedia : 

Containing  Definitions  of  all  Important  Words  in  the  Art  of  Plain 

■  and  Artistic  Painting,  with  Details  of  Practice  in  Coach,  Carriage, 
Railway  Car,  House,  Sign,  and  Ornamental  Painting,  including 
Graining,  Marbling,  Staining,  Varnishing,  Polishing,  Lettering, 
Stenciling,  Gilding,  Bronzing,  etc.  By  Franklin  B.  Gardner. 
158  Illustrations.     i2mo.     427  pp i$2.oo 

GARDNER.— Everybody's  Paint  Book : 

A  Complete  Guide  to  the  Art  of  Outdoor  and  Indoor  Painting,  De- 
signed for  the  Special  Use  of  those  who  wish  to  do  their  own  work, 
and  consisting  of  Practical  Lessons  in  Plain  Painting,  Varnishing, 
Polishing,  Staining,  Paper  Hanging,  Kalsomining,  etc.,  as  well  as 
Directions  for  Renovatin3r  Furniture,  and  Hints  on  Artistic  Work  for 
Home  Decoration.     38  Illustrations.     i2mo.,  183  pp.       .        ^Jti.oo 

GEE.— The  Goldsmith's  Handbook : 

Containing  full  instructions  for  the  Alloying  and  Working  of  Gold, 
including  the  Art  of  Alloying,  Melting,  Reducing,  Coloring,  Col- 
lecting, and  Refining;  the  Processes  of  Manipulation,  Recovery  of 
Waste;  Chemical  and  Physical  Properties  of  Gold;  with  a  New 
System  of  Mixing  its  Alloys;  Solders,  Enamels,  and  other  Useful 
Rules  and  Recipes.    By  George  E.  Gee.     i2mo.  .        .        $i'7S 

GEE.— 'The  Silversmith's  Handbook : 
Containing  full  instructions  for  the  Alloying  and  Working  of  Silver, 
including  the  different  modes  of  Refinin';;  and  Melting  the  Metal ;  its 
Solders ;  the  Preparation  of  Imitation  Alloys ;  Methods  of  Manipula- 
tion; Prevention  of  Waste ;  Instructions  for  Improving  and  Finishing 
the  Surface  of  the  Work ;  together  with  other  Useful  Information  and 
Memoranda.    By  George  E.  Gee.     Illustrated.     i2mo.        $i-7S 

GOTHIC  ALBUM  FOR  CABINET-MAKERS : 

Designs  for  Gothfc  Furniture.     Twenty-jthree  plates.     Oblong  ^2.00 

GRANT.— A  Handbook  on  the  Teeth  of  Gears : 
Their  Curves,  Properties,  and  Practical  Construction.     By  George 
B.Grant.     Illustrated.     Third  Edition,  enlarged.     8vo.         $1.50 

GREENWOOD.— Steel  and  Iron: 

Comprising  the  Practice  and  Theory  of  the  Several  Methods  Pur> 
sued  in  their  Manufacture,  and  of  their  Treatment  in  the  RoUing- 
Mills,  the  Forge,  and  the  Foundry.  By  William  Henry  Green- 
WOOD,  F.  C.  S.    With  97  Diagrams,  536  pages.     i2mo.        I2.00 
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GREGORY. — Mathematics  for  Practical  Men : 
Adapted  to  the  Pursuits  of  Surveyors,  Architects,  Mechanics,  and 
Civil  Engineers.    By  Olinthus  Gregory.    8vo.,  plates        I3.00 

GRIMSHAW.— Saws : 

The  History,  Development,  Action,  Classification,  and  Comparison 
of  Saws  of  all  kinds.  fVi/A  Copious  Appendices,  Giving  the  details 
of  Manufacture,  Filing,  Setting,  Gumming,  etc.  Care  and  Use  of 
Saws;  Tables  of  Gauges;  Capacities  of  Saw-Mills;  List  of  Saw- 
Patents,  and  other  valuable  information.  By  Robert  Grimshaw. 
Second  and  greatly  enlarged  edition,  with  Supplement^  and  354 
Illustrations.     Quarto i^5-O0 

QRISWOLD. — Railroad  Engineer's  Pocket  Companion  for  tht 
Field : 
Comprising  Rules  for  Calculating  Deflection  Distances  and  Anglcib 
Tangential  Distances  and  Angles,  and  all  Necessary  Tables  for  £n> 
gineers ;  also  the  Art  of  Levelling  from  Preliminary  Survey  to  the 
Construction  of  Railroads,  intended  Expressly  for  the  Young  En- 
gineer, tc^ether  with  Numerous  Valuable  Rules  and  Examples.  By 
W.  Griswold.     i2mo..  tucks |i-7S 

ORUNER. — Studies  of  Blast  Furnace  Phenomena: 
By  M.  L.  Gruner,  President  of  the  General  Council  of  Mines  ol 
France,'  and  lately  Professor  of  Metallurgy  at  the  Ek:ole  des  Mines. 
Translated,  with  the  author's  sanction,  with  an  Appendix,  by  L.  D. 
B.  Gordon,  F.  R.  S.  E.,  F.  G.  S.    8vo.  .        .        .        |2.sc 

Hand-Book  of  Useful  Tables  for  the  Lumberman,  Farmer  and 
Mechanic : 

Containing  Accurate  Tables  of  Logs  Reduced  to  Inch  Board  Meas% 
ure.  Plank,  Scantling  and  Timber  Measure ;  Wages  and  Rent,  by 
Week  or  Month;  Capacity  of  Granaries,  Bins  and  Cisterns;  Land 
Measure,  Interest  Tables,  with  Directions  for  Finding  the  Interest  on 
any  sum  at  4,  5,  6,  7  and  8  per  cent.,  and  many  other  Useful  Tables. 
32  mo.,  boards.     186  pages .25 

HASERICK.— The  Secrets  of  the  Art  of  Djreing  Wool,  Cotton, 
and  Linen, 
Including  Bleaching  and  Coloring  Wool  and  Cotton  Hosiery  and 
Random  Yarns.  A  Treatise  based  on  Economy  and  Practice.  By 
E.  C.  Haserick.  Illustrated  by  323  Dyed  Patterns  of  the  Yamt 
or  fabrics.    8vo 1^7*5^ 

HATS  AND  FELTING: 
A  Practical  Treatise  on  their  Manufacture.    £^  a  Practical  Hatter. 
Illustrated  by  Drawings  of  Machinery,  etc    8vo.      •        •        If  .25 

B OFFER. — A  Practical  Treatise  on  Caoutchouc  and  Outta 

Percha, 
Comprising  the  Properties  of  the  Raw  Materials,  and  the  manner  of 
Mixing  and  Working  them ;  with  the  Fabrication  of  Vulcanized  and 
Hard  Rubbers,  Caoutchouc  and  Gutta  Pescha  Compositions,  Water- 
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pftwf  Substances,  Elastic  Tissues,  the  Utilization  of  Waste,  etc.,  etc. 
From  the   German  of    Raimund   Hoffer.     By   W.  T.   Krannt. 

Illustrated  i2mo $^.$0 

HOFMANN.— A  Practical  Treatiae  on  the  Manufacture  of 
Paper  in  all  its  Branches : 
By  Carl  Hofmann,  l^te  Superintendent  of  Paper-Mills  in  Germany 
and  the  United  States ;  recently  Manager  of  the  '*  Public  Ledger " 
Paper-Mills,  near  Elkton,  Maryland.  Illustrated  by  no  wood  en- 
gravings, and  five  large   Foldmg   Plates.    4to.,  cloth;    about  400 

pages I35-00 

HuQHES.— American  Miller  and  Millwright's  Assistant: 

By  William  Carter  Hughes.    i2mo I1.50 

HULME. — Worked  Examination  Questions  in  Plane  Geomet- 
rical Drawing : 
For  the  Use  of  Candidates  for  the  Royal  Military  Academy,  Wool- 
wich ;  the  Royal  Military  College,  Sandhurst ;  the  Indian  Civil  En- 
gineering College,  Cooper's  Hill ;  Indian  Public  Works  and  Tele- 
graph Departments ;  Royal  Marine  Light  Infantry ;  the  Oxford  and 
Cambridge  Local  Examinations,  etc.  By  F.  Edward  Hulme,  F.  L. 
S.y  F.  S.  A.,  Art- Master  Marlborough  College.  Illustrated  by  300 
examples.    Small  quarto |i2.50 

fBRVIS.— Railroad  Property: 
A  Treatise  on  the  Construction  and  Management  of  Railways; 
designed  to  afford  useful  knowledge,  in  the  popular  style,  to  the 
holders  of  this  class  of  property ;  as  well  as  Railway  Managers,  Offi- 
cers, ai'.d  Agents.  By  John  B.  Jervis,  late  Civil  Engineer  of  the 
Hudson  River  Railroad,  Croton  Aqueduct,  etc.    i2mo.,  cloth      $2.oa 

KEENE.— A  Hand-Book  of  Practical  Gauging : 

For  the  Use  of  Beginners,  to  which  is  added  a  Chapter  on  Distilla* 
tion,  describing  the  process  in  operation  at  the  Custom-House  for 
ascertaining  the  Strength  of  Wines.  By  James  B.  Keene,  of  H.  M. 
Customs.     8vo.  .         .         . $1.25 

CELLEY.— Speeches,  Addresses,  and  Letters  on  Industrial  and 
Financial  Questions : 
By  Hon.  William  D.  Kelley,  M.  C.     544  pages,  8vo.  .        fe.oo 

KELLOGG.—A  New  Monetary  System  : 
The  only  means  of  Securing  the  respective  Rights  of  Labor  and 
Properly,  and  of  Protecting  the  Public  from  Financial  Revulsions. 
By  Edward  Kellogg.  Revised  from  his  work  on  "Labor  and 
other  Capital."  With  numerous  additions  from  his  mnnuscript 
Edited  by  MarV  Kjillogg  Putnam.  Fifth  edition.  To  which  li 
added  a  Biographical  Sketch  of  the  Author.    One  volume,  l2mo. 

Paper  cover |l.ao 

Bound  in  cloth l»S^ 

KEMLO.— Watch-Repairer*8  Hand-Book: 
Being  a  Complete  Guide  to  the  Young  Beginner,  in  Taking  Apart, 
Putting  Together,  and  Thoroughly  Cleaning  the  English  Lever  and 
other  Foreign  Watches,  and  all  American  Watches.     By  F.  K£MLO, 
Practical  \S^tchmaker.     With  Illustrations.     i2mo.  •        |l.2J 
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KENTISH.— A  Treatise  on  a  Box  of  Instruments, 
And  the  Slide  Rule ;  with  the  Theory  of  Trigonometry  and  Loga 
rithms,  including  Practical  Geometry,  Surveying,  Measuring  of  Tim. 
ber.  Cask  and  Malt  Gauging,  Heights,  and  Distances.     By  T^homai 
Kentish.    In  one  volume.     i2mo.           .        .        ,        .        $i  ^ 
KERL.—Thc  Assayer's  Manual :  '^ 
An  Abridged  Treatise  on  the  Docimastic  Examination  of  Ores,  and 
jFumace  and  other  Artificial  Products.     By  Bruno  Kerl,  Professor 
in  the  Royal  School  of  Mines.     Translated  from  the  German  by 
William  T.  Brannt.     Second  American  edition,  edited  with  Ex- 
tensive  Additions  by  F.  Lynwood  Garrison,   Member  of  the 
American  Institute  of  Mining  Engineers,  etc.     Illustrated  by  87  en- 
gravings.   8vo ^3.00 

K.JCK. — Flour  Manufacture . 

A  Treatise  on  Milling  Science  and  Practice.     By  Frederick  Kick, 

Imperial  Regierungsrath,  Professor  of  Mechanical  Technology  in  the 

imperial  German  Polytechnic  Institute,  Prague.      Translated  from 

the  second  enlarged  and  revised  edition  with  supplement  by  H.  H. 

P.  Powles,  Assoc.  Memb.  Institution  of  Civil  Engineers.    Illustrated 

with  28  Plates,  and  167  Wood-cuts.     367  pages.     8vo.      .     1 10.00 

KINGZETT.— The  History,  Products,  and  Processes  of  the 

Alkali  Trade : 

Including  the  most  Recent  Improvements.     By  Charles  Thomas 

Kingzett,  Consulting  Chemist.    With  23  illustrations.   8vo.      ^2.50 

KIRK.— The  Founding  of  Metals : 

A  Practical  Treatise  on  the  Melting  of  Iron,  with  a  Description  of  th« 

Founding  of  Alloys ;  also,  of  all  the  Metals  and  Mineral  Substancei 

used  in  the  Art  of  Founding.     Collected  from  original  sources.     By 

Edward  Kirk,  Practical  Foundryman  and  Chemist.    Illustrated. 

Third  edition.    8vo. 1^2.50 

LANDRIN.--A  Treatise  on  Steel: 
Comprising  its  Theory,  Metallurgy,  Properties,  Practical  Working, 
and  Use.  By  M.  H.  C.  Landrin,  Jr.,  Civil  Engineer.  Translated 
from  the  French,  with  Notes,  by  A.  A.  Fesquet,  Chemist  and  En 
gineer.  With  an  Appendix  on  the  Bessemer  and  the  Martin  Pro* 
ce«Ms  for  Manufacturing  Steel,  from  the  Report  of  Abram  S.  Hewitt  I 
United  States  Commissioner  to  the  Universal  Exposition,  Paris,  i867« 

l2mo fS'OC 

LANGBEIN. — A  Complete  Treatise  on  the  Electro-Deposition 
of  Metals : 
Translated  from  the  German,  with  Additioife,  by  Wm.  T.  Brannt. 
125  illustrations.     8vo ^4.00 

LARDNER.— The  Steam-Engine : 

For  the  Use  of  Beginners.     Illustrated.     i2mo.    .        •        •        75 
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(JkRKIN. — The  Practica!  Brass  and  Iron  Pounder's  Guide; 
A  Concise  Treatise  on  Brass  Founding,  Moulding,  the  Metals  and 
their  Alloys,  etc. ;  to  which  are  added  Recent  Improvements  in  the 
Manufacture  of  Iron,  Steel  by  the  Bessemer  Process,  etc.,  etc.  By 
James  Larkin,  late  Conductor  of  the  Brass  Foundry  Department  is 
Reany,  Neafie  &  Co.'s  Penn  Works,  Philadelphia.  Fifth  edition, 
reviied,  with  extensive  additions.     i2mo.  .         .         .         $2,251 

TJSROUX.-— A  Practical  Treatise  on  the  Manufacture  of 
Worsteds  and  Carded  Yams : 
Comprising  Practical  Mechanics,  with  Rules  and  Calculations  applied 
to  Spinning;  Sorting,  Cleaning,  and  Scouring  Wools;  the  English 
and  French  Methods  of  Combing,  Drawing,  and  Spinning  Worsteds, 
and  Manufacturing  Carded  Yams.  Translated  from  the  French  of 
Charles  Leroux,  Mechanical  Engineer  and  Superintendent  of  a 
Spinning-Mill,  by  Horatio  Paine,  M.  D.,  and  A.  A.  Fesquet, 
Chemist  and  Engineer.  Illustrated  by  twelve  large  Plates.  To  which 
is  added  an  Appendix,  containing  Extracts  from  the  Reports  of  the 
International  Jury,  and  of  the  Artisans  selected  by  the  Committee 
appointed  by  the  Council  of  the  Society  of  Arts,  London,  on  Woolen 
and  Worsted  Machinery  and  Fabrics,  as  exhibited  in  the  Paris  Uni- 
versal Exposition,  1867.'  8 vo.  .         .         .         •         •         ^5.00 

LEFFEL. — The  Constructicn  of  Mill-Dams : 
Comprising  also  the  Building  of  Race  and  Reservoir  Embankments 
and  Head-Gates,  the  Measurement  of  Streams,  Gauging  of  Water 
Supply,  etc.     By  Jame»  Leffel  &  Co.    Illustrated  by  58  engravings. 
8vo. 1^2.50^ 

LESLIE.— Complete  Cookery: 
Directions  for  Cookery  in  its  Various  Branches.    By  Miss  Leslie. 
Sixtieth  thoasand.     Thoroughly  revised,  with  the  addition  of  New 
Receipts.     i2mo $^-5^ 

LE  VAN.— The  Steam  Engine  and  the  Indicator: 

Their  Origin  and  Progressive  Development;  including  the  Most 
Recent  Examples  of  Steam  and  Gas  Motors,  together  with  the  Indi- 
cator, its  Principles,  its  Utility,  and  its  Application.  By  William 
Barnet  Le  Van.  Illustrated  by  205  Engravings,  chiefly  of  Indi- 
cator-Cards.    469  pp.     8vo ^00 

|«IEBER.->A8sayer'8  Guide  : 

Or,  Practical  Directions  to  Assayers,  Miners,  and  Smelters,  for  the 
Tests  and  Assays,  by  Heat  and  by  Wet  Processes,  for  the  Ores  of  all 
the  principal  Metals,  of  Gold  and  Silver  Coins  and  Alloys,  and  of 
Coal,  etc.  By  Oscar  M.  Lieber.  i2mo.  .  .  .  I1.25 
Lockwood's  Dictionary  of  Terms : 
Used  in  the  Practice  of  Mechanical  Engineering,  embracing  those 
Current  in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turn- 
ing, Smith's  and  Boiler  Shops,  etc.,  etc.,  comprising  upwards  of  Six 
Thousand  Definitions.  Edited  by  a  Foreman  Pattern  Maker,  author 
of  *«  Pattern  Making."    417  pp.     i2mo.  •        .        .        I3.00 
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LUKIN.^Amongvt  Machines: 

Embracing  Descriptions  of  the  various  Mecharical  Appliances  used 
in  the  Manufacture  of  Wood,  Metal,  and  other  Substances.    t2mo. 

lUKIN.— The  Boy  Engineers: 
What  They  Did,  and  How  They  Did  It.    With  30  plates.    l8mo. 

*   ^1-75 
LUKIN.— The  Young  Mechanic  t 

Practical  Carpentiy.     Containing  Directions  for  the  Use  of  all  kinds 

nf  Tools,  and  for  Construction  of  Steam- Engines  and  Mechanical 

Models,  including  the  Art  of  Turning  in  Wood  and  Metal.    By  John 

LuKiN,  Author  of  "The   Lathe  and   Its  Uses,*'  etc.     Illustrated. 

l2mo I175 

MAIN  and  BROWN.— Questions  on  Subjects  Connected  with 

the  Marine  Steam-Bngine : 

And    Examination    Papers;    with    Hints    for    their  Solution.     By 

Thomas  J.  Main,  Professor  of  Mathematics,  Royal  "^laval  College, 

and  Thomas  Brown,  Chief  Engineer,  R.  N.    i2mo.,  cloth  .       11.5a 

MAIN  and  BROWN. — ^The  Indicator  and  Dynamometer: 
With  their  Practical  Applications  to  the  Steam-Engine.     By  THOMAS 
J.  Main,  M.  A.  F.  R.,  Ass't   S.   Professor   Royal  Naval  College, 
Portsmouth,  and  Thomas  Brown,  Assoc.  Inst.  C.  E.,  Chief  Engineer 
R.  N.,  attached  to  the  R.  N.  College.     Illustrated.     8vo.  .         I1.50 

MAIN  and  BROWN.— The  Marine  Steam-Engine. 
By  Thomas  J.  Main,  F.  R.  Ass't  S.  Mathematical  Professor  at  the 
Royal   Naval   College,  Portsmouth,  and   Thomas   Brown,  Assoc. 
Inst.  C.  E.,  Chief  Engineer  R.  N.     AtUched  to  the  Royal  NavaJ 
College.     With  numerous  illustrations.     8vo.  .         .        1^5 .00 

MAKINS.— A  Manual  of  Metallurgy: 

By  George  Hogarth  Makins.     100  engravings.     Second  edition 
rewritten  and  much  enlarged.     i2mo.,  592  pages     .         .        f  3-oo 

MARTIN.— Screw-Cutting  Tables,  for  the  Use  of  Mechanical 

Engineers : 
Showing  the  Proper  Arrangement  of  Wheels  for  Cutting  the  Threads 
of  Screws  of  any  Required  Pitch ;  with  a  Table  for  Making  the  Uni- 
versal Gas-Pipe  Thread  and  Taps.    By  W.  A.  Martin,  Engineer. 

8yo. 50 

VICHBLL.— Mine  Drainage: 
Being  a  Complete  and  Practical  Treatise  on  Direct-Acting  Unte* 
ground  Steam  Pumping  Machinery.  With  a  Description  of  a  largi 
number  of  the  best  known  Engines,  their  General  Udlity  and  ths 
Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  Merits  compared  with  other  Pumping  Machinery.  By  Stephen 
Michell.    Illustrated  by  137  engravings.    8vo.,  277  pages  .       $6.00 

liOLESWORTH.— Pocket-Book    of    Useful    FonnuI«    and 

Memoranda  for  Civil  and  Mechanical  Engineers. 

By  Guilford  L.  Molesworth,  Member  of  the  Institution  of  Ciy9 

Engineers,  Chief  Resident  Engineer  of  the  Ceylon  Railway.    Full- 

bewid  in  Pocket-book  form      ••••••        ^i.os 
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llOORB.-^The  Universal  Assistant  and  the  Complete  Me* 
chanic: 
Containing  over  one  million  Industrial  Facts,  Calculations,  Receipli^ 
Processes,  Trades  Secrets,  Rules,  Business  Forms,  Legal  Items,  £tc^ 
in  every  occupation,  from  the  Household  to  the  Manufactory.  By 
R.  Moore.     Illustrated  by  500  Engravings.     i2mo.  .         ^^2.59 

MORRIS. — Easy  Rules  for  the  Measurement  of  Earthvrorks : 
By  means  of  the  Prismoidal  Formula.  Illustrated  with  Numerous 
Wood-Cuts,  Problems,  and  Examples,  and  concluded  by  an  Exten* 
sive  Table  for  finding  the  Solidity  in  cubic  yards  from  Mean  Areas. 
The  whole  being  adapted  for  convenient  use  by  Engineers,  Surveyors, 
Contractors,  and  others  needing  Correct  Measurements  of  Earthwork. 
By  El  WOOD  Morris,  C.  E.    8vo $i-SO 

MORTON. — ^The  System  of  Calculating  Diameter,  Circumfer- 
ence, Area,  and  Squaring  the  Circle : 
Together  with  Interest  and  Miscellaneous  Tables,  and  other  informa- 
tion.    By  James   Morton.      Second  Edition,  enlarged,  with  the 
Metric  System.     i2mo ^I.OO 

NAPIER.^Manual  of  Electro-Metallurgy: 

Including  the  Application  of  the  Art  to  Manufacturing  Processes. 
By  James  Napier.  Fourth  American,  from  the  Fourth  London 
edition,  revised  and  enlarged.     Illustrated  by  engravings.  8vo. 

NAPIER.— A  System  of  Chemistry  Applied  to  Dyeing. 
By  James  Napier,  F.  C.  S.  A  New  and  Thoroughly  Revised  Edi* 
tion.  Completely  brought  up  to  the  present  state  of  the  Science, 
including  the  Chemistry  of  Coal  Tar  Colors,  by  A.  A.  Fesquet, 
Chemist  and  Engineer.  With  an  Appendix  on  Dyeing  and  Ca^ice 
Printing,  as  shown  at  the  Universal  Exposition,  Paris,  1867.  Illus- 
trated. 8vo.  422  pages $3-5o 

NEVILLE.— Hydraulic  Tables,  Coefficients,  and  Formulae,  for 
finding  the  Discharge  of  Water  from  Orifices,  Notches^ 
Weirs,  Pipes,  and  Rivers : 
Third  Edition,  with  Additions,  consisting  of  New  Formulae  for  the 
Discharge  from  Tidal  and  Flood  Sluices  and  Siphons ;  general  infor- 
mation  on  Rainfall,  Catchment-Basins,  Drainage,  Sewerage,  Water 
Supply  for  Towns  and  Mill  Power.  By  loHN  Neville,  C.  E.  M.  R. 
I.  A. ;  Fellow  of  the  Royal  Geological  Society  of  Ireland.  ThicI 
l2mo.  •        .     •  .  .  ^5*5^ 

MEWBERY.— Gleanings  from  Ornamental  Art  of  eveijr 
style : 
Drawn  from  Examples  in  the  British,  South  Kensington,  Indian, 
Crystal  Palace,  and  other  Museums,  the  Exhibitions  of  1851  and 
1862,  and  the  best  English  and  Foreign  works.  In  a  series  of  loa 
exquisitely  drawn  Plates,  containing  many  hundred  examples.  By 
Robert  Newbery.   4to. 1 12.50 

HICHOLLS.— The  Theoretical  and  Practical  Boiler-Maker  and 
Engineer's  Reference  Book: 
Containing  a  variety  of  Useful  Information  for  Employers  of  Labot 
Foremen  and  Workins  Boiler.Makers,  Iron,  Copper,  iad  Tinsmiths 
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Praughtxmen,  Engineers,  the  General  Steam-using  Public,  and  for  tht 
Uie  of  Science  Schools  and  Classes.  By  Samuel  Nicholls.  Ului* 
trated  by  sixteen  plates,  1 2mo. ^2.50 

mCHOLSON.— A  Manual  of  the  Art  of  Bookbinding : 
Containing  full  instructions  in 'the  different  Branches  of  Forwarding, 
Gilding,  and  Finishing.     Also,  the  Art  of  Marbling  Book-edges  and 
Paper.     By  James  B.  Nicholson.     Illustrated.  i2mo.,  cloth    I2.25 

NICOLL8.— The  RaUway  Buildert 

A  Hand- Book  for  Estimating  the  Probable  Cost  of  American  Rail" 
way  Construction  and  Equipment.  By  William  J.  NicoLLS,  Civil 
Engineer.    Illustrated,  full  bound,  pocket-book  form  .         |2.oo 

NORMANDY.— The  Commercial  Handbook  of  Chemical  An- 
alyait : 
Or  Practical  Instructions  for  the  Determination  of  the  Intrinsic  or 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades, 
and  in  the  Arts.  By  A.  Normandy.  New  Edition,  Enlarged,  and 
to  a  great  extent  rewritten.  By  Henry  M.  Noad,  Ph.D.,  F.R.S., 
thick  i2mo ^5.00 

NORRIS.^A  Handbook  for  Locomotive  Engineers  and  Ma« 
chinistB : 

Comprising  the  Proportions  and  Calculations  for  Constructing  Loco- 
motives;  Manner  of  Setting  Valves;  Tables  of  Squares,  Cubes,  Areas, 
etc.,  etc.  By  Septimus  Norris,  M.  E.  New  edition.  Illustrated, 
»amo Ii^^^i 

NYSTROBf .— A  New  Treatise  on  Elements  of  Mechanics : 

Establishing  Strict  Precision  in  the  Meaning  of  Dynamical  Terms  t 
accompanied  with  an  Appendix  on  Duodenal  Arithmetic  and  Me- 
trology,   By  John  W.  Nystrom,  C.  E.    Illustrated.    8vo.       ^2.00 
VY8TROM.— On  Technological  Education  and  the  Construc- 
tion of  Ships  and  Screw  Propellers : 
For  Naval  and  Marine  Engineers.     By  John  W.  Nystrom,  lata 
Actmg  Chief  Engmecr,  U.  S.  N.     Second  edition,  revised,  with  addi- 
^.i?2ft»T^^*'l    Illustrated  by  seven  engravings.     i2mo.     .         |i.co 
J  NEILL.— A  Dictionary  of  Dyeing  and  Calico  Printing : 
Containing  a  bnef  account  of  all  the  Substances  and  Prw:esscs  in 
twe  m  the  Art  of  Dyeing  and  Printing  Textile  Fabrics ;  with  Practical 
, w?}^'  *"*!  ^"^4"^'^? .  I"''?""*^>on.    By  Charles  O'Neill,  Analy- 
teal  Chemist.    To  which  is  added  an  Essay  on  Coal  Tar  Colors  and 
their  application  to  Dyeing  and  Calico  Printing.    By  A.  A.  Fksquet, 
Chemift  and  Engineer     With  an  appendix  on  I^eing  and  Oilico 
Prmting,  as  shown  at  the  Universal  Exposition,  Paris,  1867.    8vo., 

9RT0N.— Underground  TreMures-.  *  *^* 

rfrilAe  Useful  Minwals  within  the  United  State*.  By  James 
0«TW,  A.M..  Late  Prolwfor  of  Nahinl  History  in  V«ss«r  College, 
N.  Y.jCor.  Mem.  of  the  Academy  of  Natural  Sciences,  HiiladelplS 
I^„J  J^*»i'':Sl"?  °'  ^*ir^  History.  New  Yorkj'authorMth^ 
willSSrt^  Amaion."  etc.  A  New  Edition,  with  Additions. 
|i.5» 
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OSBORN. — The  Metallurgy  of  Iron  and  Steel: 

Theoretical  and  Practical  in  all  its  Branches ;  with  special  refrrenc« 
to  American  Materials  and  Processes.  By  H.  S.  O  .born,  LL.  D., 
Professor  of  Mining  and  Metallurgy  in  Lafayette  College,  Easton, 
Pennsylvania.  Illustrated  by  numerous  large  folding  plates  and 
wood-engravings.     8vo.  ......         ^($25.00 

OSBORN.-i-A  Practical  Manual  of  Minerals,  Mines  and  Min- 

>        ing : 

Comprising  the  Physical  Properties,  Geologic  Positions,  Local  Occur- 
rence and  Associations  of  the  Useful  Minerals ;  their  Methods  of 
Chemical  Analysis  and  Assay:  together  with  Various  Sy.stems  of 
Excavating  and  Timbering,  Brick  and  Masonry  Work,  during  Driv- 
ing, Lining,  Bracing  and  other  Operations,  etc.  By  Prof.  H.  S. 
OsBORN,  LL.  D.,  Author  of  the  **  Metallurgy  of  Iron  and  SteeL" 
Illustrated  by  171  engravings  from  original  ora wings.    8vo.      #4.50 

OVERMAN.— The  Manufacture  of  Steel : 
Containing  the  Practice  and  Principles  of  Working  and  Making  Steel. 
A  Handbook  for  Blacksmiths  and  Workers  in  Steel  and  Iron,  Wagon 
Makers,  Die  Sinkers,  Cutlers,  and  Manufacturers  of  Files  and  Hard- 
ware, of  Steel  and  Iron,  and  for  Men  of  Science  and  Art.  By 
Frederick  Overman,  Mining  Engineer,  Author  of  the  **  Manu- 
facture of  Iron,"  etc.  A  new,  enlarged,  and  revised  Edition.  By 
A.  A.  Fesqukt,  Chemist  and  Engineer.     l2mo.         .         .        $1.$^ 

OVERMAN.^The  Moulder's  and  Founder's  Pocket  Guide  : 
A  Treatise  oit  Moulding  and  Founding  in  Green-sand,  Dry  sand.  Loam, 
and  Cement;  the  Moulding  of  Machine  Frames,  Mill-gear,  Hollow* 
ware,  Ornaments,  Trinkets,  Bells,  and  Statues ;  Description  of  Moulds 
for  Iron,  Bronze,  Brass,  and  other  Metals ;  Plaster  of  Paris,  Sulphur, 
Wax,  etc. ;  the  Construction  of  Melting  Furnaces,  the  Melting  and 
•  Founding  of  Metals ;  the  Composition  of  Alloys  and  their  Nature, 
etc.,  etc.  By  Frederick  Overman,  M.  E.  A  new  Edition,  to 
which  is  added  a  Supplement  on  Statuary  and  Ornamental  Moulding, 
Ordnance,  Malleable  Iron  Castings,  etc.  By  A.  A.  Fesquet,  Chem- 
ist and  Engineer.     Illustrated  by  44  engravings.     i2mo.    .     '  #2.0C. 

PAINTER,  GILDER,  AND  VARNISHER'S  COMPANION;' 
Containing  Rules  and  Regulations  in  everything  relating  to  the  AriJ 
of  Painting,  Gilding,  Varnishing,  Glass- Staining,  Graining,  Marbling, 
Sign- Writing,  Gilding  on  Glass,  and  Coach  Painting  and  Varnishing; 
Tests  for  the  Detection  of  Adulterations  in  Oils,  Colors,  etc. ;  and  a 
Statement  of  the  Diseases  to  which  Painters  are  peculiarly  liable,  with 
the  Simplest  and  Best  Remedies.  Sixteenth  Edition.  Revised,  with 
an  Appendix.  Containing  Colors  and  Coloring — ^Theoretical  and 
Practical.  Comprising  descriptions  of  a  great  variety  of  Additional 
Pigments,  their  Qualities  and  Uses,  to  which  are  added.  Dryers,  atid 
Modes  and  Operations  of  Painting,  etc.  Together  with  Chevreul'* 
Principles  of  Harmony  and  Contrast  of  Colors.  i2mo.     Cloth     ^1.50 

PALLETT.— The  Miller's,  MUlwright's.  and  Engineer's  Guide: 
By  H&NRY  Pallett.     Illustrated.     i2mo.       .        •       •        $2,(» 


22        HENRY  CAREY  BAIRD  &  CO.'S  CATALOGUE 

PERCY. — ^The  Manufacture  of  Russian  Sheet-IroiL 

By  John  Percy,  M.  D.,  F.  R.  S.,  Lecturer  on  Metallurgy  at  tfaa 

Royal  School  of  Mines,  and  to  The  Advance  Class  of  Artillery 

'  Officers  at  the   Royal  Artillery  Institution,  Woolvdch ;  Author  of 

<*  Metallurgy."  With  Illustrations.    8vo.,  paper       •        •        Socts, 

PERKINS.—Oas  and  Ventilation : 
Practical  Treatise  on  Gas  and  Ventilation.    With  Special  Rela^iom 
to  Illuminating,  Heating,  and  Cooking  by  Gas.    Including  Scientific 
Helps  to  Engineer-students  and  others.     With  Illustrated  Diagrams. 
By  E.  E.  Perkins.     i2mo.,  cloth |i-25 

PERKINS  AND  STOWE.^A  New  Guide  to  the  Sheet-iron 
and  Boiler  Plate  Roller : 
Containing  a  Series  of  Tables  showing  the  Weight  of  Slabs  and  Piles 
to  Produce  Boiler  Plates,  and  of  ihe  Weight  of  Piles  and  the  Sizes  of 
Bars  to  produce  Sheet-iron;  the  Thickness  of  the  Bar  Gauge 
in  decimals ;  the  Weight  per  foot,  and  the  Thickness  on  the  Bar  or 
Wire  Gauge  of  the  fractional  parts  of  an  inch;  the  Weight  per 
sheet,  and  the  Thickness  on  the  Wire  Gauge  of  Sheet-iron  of  various 
dimensions  to  weigh  112  lbs.  per  bundle;  and  the  convei'sion  of 
Short  Weight  into  Long  Weight,  and  Long  Weight  into  Short. 
Estimated  and  collected  by  G.  H.  Perkins  and  J.  G.  Stowe.  ^2.50 

POWELL— CHANCE— HARRIS.— The   Principles  of  Glass 

Making. 

By  Harry  J.  Powell,  B.  A.  Tc^ethcr  with  Treatises  on  Crown  and 

Sheet  Glass ;  by  Henry  Chance,  M.  A.    And  Plate  Glass,  by  H. 

G.  Harris,  Asso.  M.  Inst.  C.  £.    Illustrated  i8mo*  .        I1.50 

PROCTOR.— A  Pocket-Book  of  Useful  Tables  and  Formube 
for  Marine  Engineers : 
By   Frank   Proctor.     Second    Edition,   Revised  and   Enlarged. 
Full -bound  pocket-book  form ^1.50 

KEGNAULT.—Elements  of  Chemistry: 
By  M.  V.  Regnault.  Translated  from  the  French  by  T.  Forrest 
Betton,  M.  D.,  and  edited,  with  Notes,  by  James  C.  Booth,  Melter 
and  Reiner  U.  S.  Mint,  and  William  L.  Faber,  Metallurgist  and 
Mining  Engineer.  Illustrated  by  nearly  700  wood-engravings.  Com- 
prising nearly  1,500  pages.     In  two  volumes,  8vo.,  cloth   .         1^7.50 

RICHARDS.— Aluminium : 
Its   History,  Occurrence,   Properties,   Metallurgy  and  Applications, 
including  its  Alloys.     By  Joseph  W.  Richards,  A.  C,  Chemist  and 
Practical  Metallurgist,  Member  of  the  Deutsche  Chemische  Gesell- 
schaft.     Illustrated j^S.OO 

RIFFAULT,  VERGNAUD,  and  TOUSSAINT.— A  Practical 
Treatise  on  the  Manufacture  of  Colors  for  Painting : 
Comprising  the  Origin,  Definition,  and  Classification  of  Colors;  the 
Treatment  of  the  Raw  Materials ;  the  best  Formulae  and  the  Newest 
Processes  for  the  Preparation  of  every  description  of  Pigment,  and 
the  Necessary  Apparatus  and  Directions  for  its  Use;  Dryers;  th» 
Testing,  Application,  and  Qualities  of  Paints,  etc.,  etc.  By  MM. 
RiFFAULT,  Vergnaud,  and  Toussaint.    Revised  and  Edited  by  M. 
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r.  Malepeyee.  Translated  from  the  French,  by  A.  A.  TesqW^ 
Chemist  and  Engineer.  Illustrated  by  Eighty  engravings.  In  one 
vol.,  8 vo.,  659  pages $7^ 

lOPER. — A  Catechism  of  High-Pressure,  or  Non-Condensing' 
Steam-Engines : 

Including  the  Modelling,  Constructing,  and  Management  of  Steam- 
Engines  and  Steam  Boilers.  With  valuable  illustrations.  By  Ste- 
phen Roper,  Engineer.  Sixteenth  edition,  revised  and  enlarged. 
i8mo.,  tucks,  gilt  edge .         ;j(2.oo 

20PER.— Engineer's  Handy-Book : 

Containing  a  full  Explanation  of  the  Steam-Engine  Indicator,  and  its 
Use  and  Advantages  to  Engineers  and  Steam  Users.  With  Formula 
for  Estimating  the  Power  of  all  Classes  of  Steam-Engines;  also, 
Facts,  Figures,  Questions,  and  Tables  for  Engineers  who  wish  to 
qualify  themselves  for  the  United  States  Navy,  the  Revenue  Service, 
the  Mercantile  Marine,  or  to  take  charge  of  the  Better  Class  of  Sta- 
tionary Steam-Engines.  Sixth  edition.  i6mo..  690  pages,  tucks, 
gilt  edge .        fc.50 

ROPER. — Hand-Book  of  Land  and  Marine  Engines : 

Including  the  Modelling,  Construction,  Running,  and  Management 
of  Lane'  and  Marine  Engines  and  Boilers.  With  ilJustrations.  By 
Stephen  Roper,  Engineer.    Sixth  edition.     i2mo.,t\xks,  gilt  edge. 

13*50 

ROPER.— Hand-Book  of  the  Locomotive : 

Including  the  Construction  of  Engines  and  Boilers,  and  the  Construc- 
tion, Management,  and  Running  of  Locomotives.  By  Stephen 
Roper.     Eleventh  edition.     iSmo.,  tucks,  gilt  edge  .        ^2.50 

ROPER. — Hand-Book  of  Modem  Steam  Fire-Engines. 
With  illustrations.     By  Stephen  Roper,  Engineer.     Fourth  edition, 
i2mo.,  tucks,  gilt  edge ^3.50 

ROPER. — Questions  and  Answers  for  Engineers. 
This  little  book  contains  all  the  Questions  that  Engineers  will  be 
asked  when  undergoing  an  Examination  for  the  purpose  of  procuring 
Licenses,  and  they  are  so  plain  that  any  Engineer  or  Fireman  of  or 
dinary  intelligence  may  commit  them  to  memory  in  a  short  time.     By 
Stephen  Roper,  Engineer.     Third  edition       .        .        .        $^00 

ROPER.— Use  and  Abuse  of  the  Steam  Boiler. 
By  Stephen  Roper,  Engineer.     Eighth  edition,  with  illustrations. 
i8mo.,  tucks,  gilt  edge $2,00 

ROSE.—The  Complete  Practical  Machinist : 

Embracing  Lathe  Work,  Vise  Work,  Drills  and  Drilling,  Taps  and 
Dies,  Hardening  and  Tempering,  the  Making  and  Use  of  Tools, 
Tool  Grinding,  Marking  out  Work,  etc.  By  Joshua  Rose.  Illus- 
trated by  356  engravings.  Thirteenth  edition,  thoroughly  revised) 
and  in  great  part  rewritten.     In  one  vol.,  i2mo.,  439  pages       |2.$o 

<tOSE.— Mechanical  Drawing  Self-Taught: 

Comprising  Instructions  in  the  Selection  and  Preparation  of  Drawing 
Instrumen  s.  Elementary  Instruction  in  Practical  Mechanical  Draw 
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ing,  together  with  Examples  in  Simple  Geometry  and  Elementary 
Mechanism,  including  Screw  Threads,  Gear  Wheels,  Mechanical 
Motions,  Engines  and  Boilers.  By  Joshua  Rose,  M.  E.  Illustrated 
by  330  engravings.     8vo  ,  313  pages         ....        I4.00 

ROSE.— The  Slide- Valve  Practically  Explained: 

Embracing  simple  and  complete  Practical  Demonstrations  of  th^ 
operation  of  each  element  in  a  Slide-valve  Movement,  and  illustrat- 
ing the  effects  of  Variations  in  their  Proportions  by  examples  care« 
fully  selected  from  the  most  recent  and  successful  practice.  By 
Joshua  Rose,  M.  £.     Illustrated  by  35  engravings  |i.oo 

ROSS. — The  Blowpipe  in  Chemistry,  Mineralogy  and  Geology: 

Containing  all  Known  Methods  of  Anhydrous  Analysis,  many  Work- 
ing Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut.- 
CoLONEL  W.  A.  Ross,  R.  A.,  F.  G.  S.  With  120  Illustrations. 
i2mo ^2.00 

SH AW.^Civil  Architecture : 

Being  a  Complete  Theoretical  and  Practical  System  of  Building,  con* 
taining  the  Fundamental  Principles  of  the  Art.  By  Edward  Shaw, 
Architect.  To  which  is  added  a  Treatise  on  Gothic  Architecture,  etc. 
By  Thomas  W.  Silloway  and  George  M.  Harding,  Architects. 
The  whole  illustrated  by  102  quarto  plates  finely  engraved  on  copper. 
Eleventh  edition.    4to .       ;j(io.oo 

8HUNK. — A  Practical  Treatise  on  Railway  Curves  and  Loca- 
tion, for  Young  Engineers. 
By  W.  F.  Shunk,  C.  E.    i2mo.    Full  bound  pocket-book  form  $2.<» 

SLATER.— The  Manual  of  Colors  and  Dye  Wares. 
By  J.  W.  Slater.     i2mo. l3«7S 

SLOAN. — American  Houses: 

A  variety  of  Original  Designs  for  Rural  Buildings.  Illustrated  by 
26  colored  engravings,  with  descriptive  references.  By  Samuel 
Sloan,  Architect.     8vo. ^1.50 

SLOAN. — Homestead  Architecture : 

Containing  Forty  Designs  for  Villas,  Cottages,  and  Farm-houses,  with 
Essays  on  Style,  Construction,  Landscape  Gardening,  Furniture,  etc., 
etc.  Illustrated  by  upwards  of  200  engravings.  By  Samuel  Sloan, 
Architect.     8vo.       . $3'5<^ 

SLOAN E. — Home  Experiments  in  Science. 
By  T.  O'Conor  Sloane,  E.  M.,  A.  M.,  Ph.  D.    Illustrated  by  91 
engravings.     i2mo. ^1.50 

8M EATON.— Builder's  Pocket-Companion : 

Containing  the  Elements  of  Building,  Surveying,  and  Architecture; 
with  Practical  Rules  and  Instructions  connected  with  the  subject. 
By  A.  C.  Smeaton,  Civil  Engineer,  etc.     i2mo.       .        .        Iii.50 

SMITH.— A  Manual  of  Political  Economy. 
By  E.  Peshine  Smith.    A  New  Edition,  to  which  is  added  a  full 
Index.     i2mo.         .        • ^I 25 
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SMITH.— Parks  and  Pleasare-Groumda : 

Or  Practical  Notes  on  Country  Residences,  Villas,  Public  Parks,  and 
Gardens.  By  Charles  H.  J.  Smith,  Landscape  Gkurdener  and 
Garden  Architect,  etc.,  etc.     i2mo.  ....        ;^2.oo 

SMITH. — The  Dyer's  Instructor : 
Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton, 
Wool,  and  Worsted,  and  Woolen  Goods;  containing  nearly  8o(\ 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding;  an(i 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  tht 
various  Mordants  and  Colors  for  the  different  styles  of  such  work. 
By  David  Smith,  Pattern  Dyer.     i2mo.  .         ...        ;^2.oo 

SMYTH.— A  Rudimentary  Treatise  on  Coal  and  Coal-Mining. 
By  Warrington  W.  Smyth,  M.  A.,  F.  R.  G.,  President  R.  G.  S. 
of  Cornwall.    Fifth  edition,  revised  and  corrected.    With  Aumer- 
ous  illustrations.     i2mo.  $^»7i 

SNIVELY.— Tables  for  Systematic  Qualitative  Chemical  Anal^ 
ysis. 
By  John  H.  Snively,  Phr.  D.     8vo.        .        .        .        .        j^i.oo 

SNIVELY.— The  Elements  of  Systematic  Qualitative  Chemical 
Analysis : 
A  Hand-book  for  Beginners.    By  John  H.  Snively,  Phr.  D.    i6mo. 

|2.oo 
STEWART.— The  American  System  : 

Speeches  on  the  Tariff  Question,  and  on  Internal  Improvements, 
principally  delivered  in  the  House  of  Representiatives  of  the  United 
States.  By  Andrew  Stewart,  late  M.  C.  from  Pennsylvania. 
With  a  Portrait,  and  a  Biographical  Sketch.    8vo.  .        j(3.oo 

STOKES. — The  Cabinet-Maker  and  Upholsterer's  Companion : 
Comprising  the  Art  of  Drawing,  as  applicable  to  Cabinet  Work; 
Veneering,  Inlaying,  and  Buhl- Work ;  the  Art  of  Dyeing  and  Stain- 
ing  Wood,  Ivory,  Bone,  Tortoise- Shell,  etc.  Directions  for  Lacker- 
ing, Japanning,  and  Varnishing;  to  make  French  Polish,  Glues, 
Cemfents,  and  Composijrns;  with  numerous  Receipts,  useful  to  work 
men  generally.  Bv  Stokes.  Illustrated.  A  New  Edition,  with 
an  Appendix  upor  <ench  Polishing,  Staining,  Imitating,  Varnishing^ 
etc.,  etc.    i2mo ^1*25 

STRENGTH  AND  OTHER  PROPERTIES  OF  METALS; 

Reports  of  Experiments  on  the  Strength  and  other  Properties  of 
Metals  for  Cannon.  With  a  Description  of  the  Machines  for  Testing 
Metals,  and  of  the  Classification  of  Cannon  in  service.  By  Officers 
of  the  Ordnance  Department,  U.  S.  Army.  By  authority  of  the  Secrei 
taryofWar.     Illustrated  by  25  large  steel  plates.   Quarto.      )(io.OQ 

SULLIVAN.— Protection  to  Native  Industry. 
By  Sir  Edward  Sullivan,  Baronet,  author  of  «*  Ten  Chapters  on 
Social  Reforms.'*     8vo ^1-50 

SULZ. — A  Treatise  on  Beverages : 

Or  the  Complete  Practical  Bottler.     Full  instructions  for  Laboratory 
Work,  with  Original  Practical  Recipes  for  all  kinds  of  Carbonated 
Drinks,   Mineral   Waters,    Flavorings,   Extracts,   Syrup«,   etc.     By 
Chas.  Herman  Sulz,  Technical  Chemist  and  Practical  Bottler 
Illustrated  by  428  Engravings.     Si 8  pp.    ^vo.       .        •        ^10.00 
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8YME. — Outlines  of  an  Industrial  Science. 
By  David  Syme.     i2mo.  .        .  ...        $2.09 

TABLES     SHOWING     THE     WEIGHT     OP     ROUND, 
SQUARE,  AND  FLAT  BAR  IRON,  STEEL,  ETC., 

By  Measurement.     Cloth 63 

TAYLOR.— Statistics  of  Coal : 
Including  Mineral  Bituminous  Substances  employed  in  Arts  and 
Manufactures;  with  their  Geographical,  Geological,  and  Commercial 
Distribution  and  Amount  of  Production  and  Consumption  on  the 
American  Continent.  With  Incidental  Statistics  of  the  Iron  Manu- 
facture. By  R.  C.  Taylor.  Second  edition,  revised  by  S.  S.  Haldb- 
MAN.     Illustrated  by  five  Maps  and  many  wood  engravings.     8vo., 

cloth |iio.oo 

TEMPLETON. — The  Practical  Ezaminator  on  Steam  and  the 
Steam -Engine : 
With  Instructive  References  relative  thereto,  arranged  for  the  Use  of 
Engineers,  Students,  and  others.    By  William  Templeton,  En- 
gineer.    i2mo. jf(i«25 

THAUSING.— The  Theory  and  Practice  of  the  Preparation  of 
Malt  and  the  Fabrication  of  Beer: 
With  especial  reference  to  the  Vienna  Process  of  Brewing.     Elab- 
orated from  personal  experience  by  Julius  E.  Thausing,  Professor 
at  the  School  for  Brewers,  and  at  the  Agricultural  Institute,  Mddling, 
near  Vienna.    Translated  from  the  German  by  William  T.  Brannt* 
Thoroughly  and  elaborately  edited,  with  much  American  matter,  and 
according  to  the  latest  and  most  Scientific  Practice,  by  A.  ScHWARZ 
and  Dr.  A.  H.  Bauer.     Illustrated  by  140  Engravings.     8vo.,  815 

pages $10,66 

THOMAS.— The  Modem  Practice  of  Photography; 

By  R.  W.  Thomas,  F.  C.  S.    8vo.  ....  75 

THOMPSON.— Political  Economy.     With  Especial  Reference 

to  the  Industrial  History  of  Nations  : 

By  Robert  E.  Thompson,  M.  A.,  Professor  of  Social  Science  in  the 

University  of  Pennsylvania.     i2mo.  .         .         .         .         $1.50 

THOMSON.— Freight  Charges  Calculator: 

By  Andrew  Thomson,  Freight  Agent.     24jmo.        .        .        ^1.25 

URNER'S  (THE)  COMPANION: 

Containing  Instructions  in  Concentric,  Elliptic,  and  Eccentric  Turn* 
iug;  also  various  Plates  of  Chucks,  Tools,  and  Instruments;  and 
Directions  for  using  the  Eccentric  Cutter,  Drill,  Vertical  Cutter,  and 
Circular  Rest;  with  Patterns  and  Instructions  for  v»rorking  them. 
I2mo 11.25 

TURNING:  Specimens  of  Fancy  Turning  Executed  on  the 

Hand  or  Foot- Lathe : 

With  Geometric,  Oval,  and  Eccentric  Chucks,  and  Elliptical  Cutting 

Frame.     By  an.  Amateur.     Illustrated  by  30  exquisite  Photographs, 

4to j(J3.oo 

9RBIN— BRULL.— A  Practical  Guide  for  PuddUng  Iron  and 
Steel. 
By  Ed.  Urbin,  Engineer  of  Arts  and  Manufactures.     A  Prize  Essay. 
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lead  before  the  Association  of  Engineers,  Graduate  of  the  School  of 
Mines,  of  Liege,  Belgium,  at  the  Meeting  of  1865-6.  To  which  is 
added  A  Comparison  of  the  Resisting  Properties  of  Iron  and 
Steel.  By  A.  Brull.  Translated  from  the  French  by  A.  A.  Fes- 
QUET,  Chemist  and  Engineer.    8vo.  .        )5i.oo 

VAILE.— Galvanized-Iron  Cornice-Worker's  Manual : 
Containing  Instructions  in  Laying  out  the  Different  Mitres,  and 
Making  Patterns  for  all  kinds  of  Plain  and  Circular  Work.  Also, 
Tables  of  Weights,  Areas  and  Circumferences  of  Circles,  and  other 
Matter  calculated  to  Benefit  the  Trade.  By  Charles  A.  Vaile. 
Illustrated  by  twenty-one  plates.    4to ^5.00 

VILLE. — On  Artificial  Manures : 
Their  Chemical  Selection  and  Scientific  Application  to  Agriculture. 
A  series  of  Lectures  given  at  the  Experimental  Farm  at  Vincennes, 
during  1867  and  1874-75.  By  M.  Georges  Ville.  Translated  and 
Edited  by  William  Crookes,  F.  R.  S.  Illustrated  by  thirty-one 
engravings.    8vo.,  450  pages     ......         f  6.00 

ITILLB. — The  School  of  Chemical  Manures  : 
Or,  Elementary  Principles  in  the  Use  of  Fertilizing  Agents.     From 
the  French  of  M.  Geo.  Ville,  by  A.  A.  Fesquet,  Chemist  and  En- 
gineer.     With  Illustrations.     i2mo.  .        .        .        .        ^1.25' 

VOQDES. — The  Architect's  and  Builder's  Pocket- Companion 
and  Price-Book: 

Consisting  of  a  Short  but  Comprehensive  Epitome  of  Decimals,  Duo- 
decimals, Geometry  and  Mensuration ;  with  Tables  of  United  States* 
Measures,  Sizes,  Weights,  Strengths,  etc.,  of  Iron,  Wood,  Stone, 
Brick,  Cement  and  Concretes,  Quantities  of  Materials  in  given  Sizes 
and  Dimensions  of  Wood,  Brick  and  Stone ;  and  full  and  complete 
Bills  of  Prices  for  Carpenter's  Work  and  Painting ;  also,  Rules  for 
Computing  and  Valuing  Brick  and  Brick  Work,  Stone  Work,  Paint- 
ing, Plastering,  with  a  Vocabulary  of  Technical  Terms,  etc.  By 
Frank  W.  Vogdes,  Architect,  Indianapolis,  Ind.  Enlarged,  revised, 
and  corrected.     In  one  volume,  368  pages,  full-bound,  pocket-book 

form,  gilt  edges ^2.00 

Cloth        ••  •••••••  1.50 

IVAHL. — Galvanoplastic  Manipulations : 
A  Practical  Guide  for  the  Gold  and  Silver  Electroplater  and  the  Gal- 
vanoplastic Operator.  Comprising  the  Electro-Deposition  of  all 
Metals  by  means  of  the  Battery  and  the  Dynamo-Electric  Machine, 
as  well  as  the  most  approved  Processes  of  Deposition  by  Simple  Im- 
mersion, with  Descriptions  of  Apparatus,  Chemical  Products  employed 
in  the  Art,  etc.  Based  largely  on  the  "  Manipulations  Hydroplas- 
tiques"  of  Alfred  Roseleur.  By  William  H.  Wahl,  Ph.  D. 
(  Heid),  Secretary  of  the  Franklin  Institute.  Illustrated  by  189  en- 
gravings.   8vo.,  656  pages 

WALTON.— Coal-Mining  Described  and  Illustrated: 
By  Thomas  H.  Walton,  Mining  Engineer.     Illustrated  by  24  larg« 
and  elaborate  Plates,  after  Actual  Workings  and  Apparatus.  $5.00 
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WARE.— The  Sugar  Beet. 

\  Including  a  History  of  the  Beet  Sugar  Industry  in  Europe,  VarieClti 
of  the  Sugar  Beet,  Examination,  Soils,  Tillage,  Seeds  and  Sowingi 
Yield  and  Cost  of  Cultivation,  Harvesting,  Transportation,  Conserva* 
tion.  Feeding  Qualities  of  the  Beet  and  of  the  Pulp,  etc.  By  LEWlf 
S.  Ware,  C.  £.,  M.  E.     Illustrated  by  ninety  engravings.    8vo. 

WARN.— The  Sheet-Metal  Worker's  Instructor: 

For  Zinc,  Sheet- Iron,  Copper,  and  Tin- Plate  Workers,  etc.  Contain- 
ing a  selection  of  Geometrical  Problems ;  also,  Practical  and  Simple 
Rules  for  Describing  the  various  Patterns  required  in  the  different 
branches  of  the  above  Trades.  By  Reuben  H.  Warn,  Practical 
Tin- Plate  Worker.  To  which  is  added  an  Appendix,  containing 
Instructions  for  Boiler-Making,  Mensuration  of  Surfaces  and  Solids, 
Rules  for  Calculating  the  Weights  of  different  Figures  of  Iron  and 
Steel,  Tables  of  the  Weights  of  Iron,  Steel,  etc.  Illustrated  by  thirty 
two  Plates  and  thirty-seven  Wood  Engravings.     8vo.         .        1^3.00 

t/ITARNER.— New  Theorems,  Tables,  and  Diagrams,  for  th« 
Computation  of  Earth-work : 

Designed  for  the  use  of  Engineers  in  Preliminary  and  Final  Estimate^ 
of  Students  in  Engineering,  and  of  Contractors  and  other  non-profes« 
sional  Computers.  In  two  parts,  with  an  Appendix.  Part  I.  A  Prac- 
tical Treatise;  Part  II.  A  Theoretical  Treatise,  and  the  Appendix. 
Containing  Notes  to  the  Rules  and  Examples  of  Part  I. ;  Explana- 
.  tions  of  the  Construction  of  Scales,  Tables,  and  Diagrams,  and  a 
Treatise  upon  Equivalent  Square  Bases  and  Equivalent  Level  Heights. 
The  whole  illustrated  by  numerous  original  engravings,  comprising 
explanatory  cuts  for  Definitions  and  Problems,  Stereometric  Scales 
and  Diagrams,  and  a  series  of  Lithographic  Drawings  from  Models  i 
Showing  all  the  Combinations  of  Solid  Forms  which  occur  in  Railroad 
Excavations  and  Embankments.  By  John  Warner,  A.  M.,  Mining 
and  Mechanical  Engineer.  Illustrated  by  14  Plates.  A  new,  revised 
and  improved  edition.    8vo J^.OO 

VV^ATSON.— A  Manual  of  the  Hand-Lathe : 

Comprising  Concise  Directions  for  Working  Metals  of  all  kinds. 
Ivory,  Bone  and  Precious  Woods;  Dyeing,  Coloring,  and  French 
Polishing;  inlaying  by  Veneers,  and  various  methods  practised  to 
produce  Elaborate  work  with  Dispatch,  and  at  Small  Expense.  By 
Egbert  P.  Watson,  Author  of  "  The  Modern  Practice  of  American 
Machinists  and  Engineers.''     Illustrated  by  78  engravings.         $1,$^ 

WATSON. — The  Modem  Practice  of  American  Machinists  and 
Engineers : 

Including  the  Construction,  Application,  and  Use  of  Drills,  Lat^e 
Tools,  Cutters  for  Boring  Cylinders,  and  Hollow-work  generally ,  with 
the  most  Economical  Speed  for  the  same;  the  Results  verified  by 
Actual  Practice  at  the  Lathe,  the  Vise,  and  on  the  Floor.     Together 
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with  Workshop  Management,  Economy  of  Manufacture,  the  Steam* 
Engine,  Boilers,  Gears,  Belling,  etc.,  etc.  By  Egbert  P.  Watson; 
Illustrated  by  eighty-six  engravings.    i2mo.  .        ^.50 

PTATSON.— The  Theory  and  Practice  of  the  Art  of  Weaving 
by  Hand  and  Power : 
With  Calculations  and  Tables  for  the  Use  of  those  connected  with  the 
Trade.  By  John  Watson,  Manufacturer  and  Practical  Machine- 
Maker.  Illustrated  by  large  Drawings  of  the  best  Power  Looms. 
8vo.  .        .        .        • ^7*50 

f^ATT.— The  Art  of  Soap  Making :  ' 

A  Practical  Hand-book  of  the  Manufacture  of  Hard  and  Soft  Soaps, 
Toilet  Soaps,  etc.,  including  many  New  Processes,  and  a  Chapter  on 
the  Recovery  of  Glycerine  from  Waste  Leys.  By  Alexander 
Watt.    111.    i2mo. ^3-oo 

WBATHERLY.— Treatise  on  the  Art  of  Boiling  Sugar,  Crys- 
tallizing,  Lozenge -making,  Comfits,  Gum  Goods, 
And  other  processes  for  Confectionery,  etc.,  in  which  are  explained, 
in  an  easy  and  familiar  manner,  the  various  Methods  of  Manufacture 
tag  every  Description  of  Raw  and  Refined  Sugar  Goods,  as  sold  by 
Confectioners  and  others.     i2mo |t*50 

WIGHT  WICK.— Hints  to  Young  Architects: 
Comprising  Advice  to  those  who,  while  yet  at  school,  are  destined 
to  the  Pro^ston;  to  such  as,  having  passed  their  pupilage,  are  about 
to  travel ;  and  to  those  who,  having  completed  their  education,  are 
about  to  practise.  Together  with  a  Model  Specification  involving  a 
great  variety  of  instructive  and  suggestive  matter.  By  Georgb 
WiGHTWiCK,  Architect.  A  new  edition,  revised  and  considerably 
'enlarged;  comprising  Treatises  on  the  Principles  of  Construction 
and  Design.  By  G.  Huskisson  Guillaume,  Architect.  Numerous 
lUnstrations.    One  vol.  i2mo $2.00 

inLL.— Tables  of  Qualitative  Chemical  Analysis. 
With  an  Introductory  Chapter  on  the  Course  of  Analysis.    By  Pro* 
^sor  liEiN&iCH  Will,  of  Giessen,  Germany,     Third  American, 

'  from  the  eleventh  German  edition.  Edited  by  Charles  F.  Hiites, 
Ph.  D.,  Professor  of  Natural  Science,  Dickinson  College,  Carlisle,  Pa. 
8vo.  ..*.......        jf(i. 50 

WILLIAMS.— On  Heat  and  Steam : 
Embracing  New  Views  of  Vaporization,  Condensation,  and  Explo> 
sion.    By  Charles  Wye  Williams,  A.  I.  C.  E.    Illustrated  8vo. 

WILSON. — A  Treatise  on  Steam  Boilers : 
Their  Strength,  Construction,  and  Economical  Working.   By  RoBERt 
Wilson.    Illustrated  i2mo $2xx 

VI LSON.— First  Principles  of  Political  Economy: 
With  Reference  to  Statesmanship  and  the  Progress  of  Civilization. 
By  Professor  W.  D.  Wilson,  of  the  Cornell  University.    A  new  and 
revised  edition.    i2mo •        •        $l,SO 
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WOHLER.— A  Hand-Book  of  Mineral  Analysis  : 

By  F.  WoHLER,  Professor  of  Chemistry  in  the  University  of  G5ttin- 
gen.  Edited  by  Henry  B.  Nason,  Professor  of  Chemistry  in  the 
Renssalaer  Polytechnic  Institute,  Troy,  New  York.  Illustrated. 
i2mo if^S'OO 

WORSSAM.— On  Mechanical  Saws: 

From  the  Transactions  of  the  Society  of  Engineer!,  1869.  By  S.  W. 
WoRSSAM,  Jr.    Illustrated  by  eighteen  large  plates.    8vo.         ^2.50 


RECENT  ADDITIONS. 

ANDERSON. — The  Prospector's  Hand-Book: 

A  Guide  for  the  Prospector  and  Traveler  in  Search  of  Metal  Bearing 
or  other  Valuable  Minerals.  By  J.  W.  Anderson.  52  Illustrations. 
i2mo $i'SO 

BEAUMONT.— Woollen  and  Worsted  Cloth  Manufacture: 

Being  a  Practical  Treatise  for  the  use  of  all  persons  employed  in  the 
manipulation  of  Textile  Pabrics.  By  Robert  Beaumont,  M.  S.  A. 
With  over  200  illustrations,  including  Sketches  of  Machinery, 
Designs,  Cloths,  etc.     391  pp.     i2mo 1^2.50 

BRANNT.— The  Metallic  Alloys : 

A  Practical  Guide  for  the  ^fanufacture  of  all  kinds  of  Alloys,  Amal- 
gams and  Solders  used  by  Metal  Workers,  especially  by  Bell  Founders, 
Bronze  Workers,  Tinsmiths,  Gold  and  Silver  Workers,  Dentists,  etc., 
etc.,  as  well  as  their  Chemical  and  Physical  Properties.  Edited 
chiefly  from  the  German  of  A.  Krupp  and  Andreas  Wildberger,  with 
additions  by  Wm.  T.  Brannt.     Illustrated.     i2mo.  fe.oo 

BRANNT. — A  Practical  Treatise  on  the  Manufacture  of  Vine- 
gar and  Acetates,  Cider,  and  Fruit- Wines : 

Preservation  of  Fruits  and  Vegetables  by  Canning  and  Evaporation ; 
Preparation  of  Fruit- Butters,  Jellies,  Marmalades,  Catchups,  Pjckles, 
Mustards,  etc.  Edited  from  various  sources.  By  William  T. 
Brannt.     Illustrated  by  79  Engravings.    479  pp.    8vo.        t^S.oo 

BRANNT.— The  Metal  Worker's    Handy-Book  of  Receipts 
and  Processes :     . 

Being  a  Collection  of  Chemical  Formulas  and  Practical  Manipula- 
tions for  the  working  of  all  Metals ;  including  the  Decoration  and 
Beautifying  of  Articles  Manufactured  therefrom,  as  well  as  their 
Preservation.  Edited  from  various  sources.  By  WiLLlAM  T. 
Brannt.    Illustrated.    i2mo.  I2.50 
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DAVIS.— A  Practical  Treatise  on  the  Manufacture  of  Bricks. 
Tiles,  Terra-Cotta,  etc. : 
Including  Hand-Made,  Dry  Clay,  Tempered  Clay,  Soft-Mud,  and 
Stiflf-Clay  Bricks,  also  Front,  Hand-Pressed,  Steam- Pressed,  Re- 
pressed, Ornamentally  Shaped  and  Enamelled  Bricks,  Drain  Tiles, 
Straight  and  Curved  Sewer  and  Water-Pipes,  Fire-Clays,  Fire-Bricks, 
Glass  Pots,  Terra-Cotia,  Roofing  Tiles,  Flooring  Tiles,  Art  Tiles, 
etc.  By  Charles  Thomas  Davis.  Second  Edition.  217  Engrav- 
ings.    501  pp.    8vo $5.00. 

EDWARDS. — American   Marine  Engineer,   Theoretical  and 
Practical ; 
With  Examples  of  the  latest  and  most  approved  American  Practice. 
By  Emory  Edwards.    85  illustrations.     i2mo.     .        .        ^2.50 

EDWARDS. — 600   Examination  Questions  and  Answers: 

For  Engineers  and  Firemen  (Land  and  Marine)  who  desire  to  ob- 
tain a  United  States  Government  or  State  License.     Pocket-book 

form,  gilt  edge ^1.50 

POSSELT.— Technology  of  Textile  Design : 
Being  a  Practical  Treatise  on  the  Construction  and  Application  of 
Weaves  for  all  Textile  Fabrics,  with  minute  reference  to  the  latest 
Inventions  for  Weaving.  Containing  also  an  Appendix,  showing 
the  Analysis  and  giving  the  Calculations  necessary  for  the  Manufac- 
ture of  the  various  Textile  Fabrics.  By  E.  A.  Posselt,  Head 
Master  Textile  Department,  Pennsylvania  Museum  and  School  of 
Industrial  Art,  Philadelphia,  with  over  looo  illustrations.  29a 
pages.    4to ••        •        •        $S-^^ 

POSSELT. — The  Jacquard  Machine  Analysed  and  Explained : 

With  an  Appendix  on  the  Preparation  of  Jacquard  Cards,  and 
Practical  Hints  to  Learners  of  Jacquard  Designing.  By  E.  A. 
Posselt.  With  230  illustrations  and  numerous  diagrams.  127  pp. 
4to ^3a> 

RICH. — Artistic  Horse- Shoeing : 
A  Practical  and  Scientific  Treatise,  giving  Improved  Methods  of 
Shoeing,  with  Special  Directions  for  Shaping  Shoes  to  Cure  Different 
Diseases  of  the  Foot,  and  for  the  Correction  of  Faulty  Action  in 
Trotters.  By  George  E.  Rich.  62  Illustrations.  153  pages. 
l2mo.      •        •         •        .  ,        ,        •        ,        •        j^i.oo 

RICHARDSON.— Practical  Blacksmithing : 

A  Collection  of  Articles  Contributed  at  Different  Times  by  Skilled 
Workmen  to  the  columns  of  "  The  Blacksmith  and  Wheelwright," 
and  Covering  nearly  the  Whole  Range  of  Blacksmithing,  from  the 
Simplest  Job  of  Work  to  some  of  the  Most  Complex  Forgings. 
Compiled  and  Edited  by  M.  T.  Richardson. 
Vol.  I.  210  Illustrations.  224  pp.  i2mo.  .  •  •  ^1.00 
VoL  II.    230  Illustrations.    262  pages.     i2mo.       •        •       ^1.00 
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RICHARDSON. — The  Practical  Horseshoer: 

Being  a  Collection  of  Articles  on  Horseshoeing  in  all  its  Branchet 
which  have  appeared  from  time  to  time  in  the  columns  of  "  The 
Blacksmith  and  Wheelwright/'  etc.  Compiled  and  edited  by  M.  T. 
Richardson.     174  illustrations.      .  .        .        .        |i.oo 

ROPER.— Instructions    and  Suggestions  for  Engineers  and 
Firemen : 
By  Stephen  Roper,  Engineer.     i8mo.     Morocco        .        I2.00 

ROPER. — The  Steam  Boiler :  Its  Care  and  Management : 
By  Stephen  Roper,  Engineer.     1 2mo.,  tuck,  gilt  edges.        |t2.oo 

ROPER. — The  Young  Engineer's  Own  Book: 

Containing  an  Explanation  of  the  Principle  and  Theories  on  which 
the  Steam  Engine  as  a  Prime  Mover  is  Based.  By  Stephen  Roper, 
Engineer.     160  illustrations,  363  pages.     i8mo.,  tuck       .        I3.00 

ROSE. — Modem  Steam -Engines: 
An  Elementary  Treatise  upon  the  Steam-Engine,  written  in  Plain 
language ;  for  Use  in  the  Workshop  as  well  as  in  the  Drawing  Office. 
Giving  Full  Explanations  of  the  Construction  of  Modem  Steairw 
Engines :  Including  Diagrams  showing  their  Actual  operation.  To* 
gether  with  Complete  but  Simple  Explanations  of  the  operations  of 
Various  Kinds  of  Valves,  Valve  Motions,  and  Link  Motions,  etc., 
thereby  Enabling  the  Ordinary  Engineer  to  clearly  Understand  the 
Principles  Involved  in  their  Construction  and  Use,  and  to  Plot  out 
their  Movements  upon  the  Dr§^wing  Board.  By  Joshua  Rose.  M.  E. 
Illustrated  by  422  engravings.    4to.,  320  pages        .        .        $6.00 

ROSE.— Steam  Boilers: 
A  Practical  Treatise  on  Boiler  Construction  and  Examination,  for  the 
Use  of  Practical  Boiler  Makers,  Boiler  Users,  and  Inspectors ;  and 
embracing  in  plain  figures  all  the  calculations  necessary  in  Designing 
or  Classifying  Steam  Boilers.  By  Joshua  Rose,  M.  E.  Illustrated 
by  73  engravings.     250  pages.     8vo 1 2. 50 

SCHRIBER.— The  X^omplete  Carriage  and  V^^agon  Painter: 
A  Concise  Compendium  of  the  Art  of  Painting  Carriages,  Wagons, 
and  Sleighs,  embracing  Full  Directions  in  all  the  Various  Branches, 
including  Lettering,  Scrolling,  Ornamenting,  Striping,  Varnishing, 
and  Coloring,  with  numerous  Recipes  for  Mixing  Colors.  73  Illus- 
trations.    177  pp.     i2mo ^i.oo 

VAN  CLEVE. — ^The  English  and  American  Mechanic : 
Comprising  a  Collection  of  Over  Three  Thousand  Receipts,  Rules, 
and  Tables,  designed  for  the  Use  of  every  Mechanic  and  Manufac- 
turer. By  B.  Frank  Van  Cleve.  Illustrated.  500  pp.    i2mo.  I2.00 

WAHNSCHAPFE.— Guide  for  the  Scientific  Examination  of 
the  Soil : 

By  Dr.  Felix  Wahnschafpe.  Translated  from  the  German  by 
William  T.  Brannt.  Illustrated  by  numerous  Engravings.  8v^.^ 
(In  preparation.^  ^ 
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